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THE undersigned, your Committee appointed to exam- 
ine the manuscript presented by Mr Lathrop, entitled, "A 
Compendious Treatise on the use of Globes, and of Maps ; 
comprising the elements of Geography "and Astronomy, a 
description of the Solar sytem, &c ;" have attended to the 
duty of their appointment, and, beg leave to report, " That* 
having given the subject a cursory review, they are con- 
vinced, that it is a work promising much usef«ilness as an 
elementary book, on those interesting and important sci- 
ences ; they, therefore, recommend it to the particular atten* 
tion and patronage of the associated instructors of youth ia 
the town of Boston ; all which is respectfully submitted by 
your humble servants. 

O. CARLETON, 

D. ADAMS, 

DANIEL STANIFORD. 

AT a rejpilar Meeting of the Associated Instructors of 
the town of Boston, &c— Voted, That the above report be ac- 
ceptedy and that the proposed work be warmly recommended 
to the public, and that we will exert our influence to procure 
its introduction into our respective seminaries. 

May 20, 1812. EBEN : PEMBERTON, Prendent. 

A true Copy^ 

Attest, EPHKAIM H. FARRAR, iS^cVy. 




Although many works of standard excellence 
»re extant on the use of the globes, and on the ele- 
ments of geographical and asti-onomical knowledge, 
they are, m general, too expensive for inti'oduction 
into the Schools and Academies of this coun- 
try. Books of high reputation on these subjects, 
arc composed in the form of Lectures, or Disserta- 
liona ; and few can be found, in which the neces- 
sary definitions are sufficiently numerous, plain, 
and perspicuous for the assistance of the teacher, 
or the comprehension of the pupil. Besides,-m works 
wliich are not especially confined to the principles of 
a single science, an abundance of matter is inserted, 
which is not only useless, but an incumbrance in the 
pi-osecution of a particular object of inquiiy. The 
simple points on which the student wishes to fix liis 
attention, are loosely scattered over the pages of a 
bulky volume, and arc found with difficulty, amidst 
^e theories and hypotheses, logical deductions, poct- 
cal embellish mcnts, and mw^il reflections, with which 
reiost of our valuable and espensive publications 
abound. In the search after articles of elementary 
insti'uction, tlie moments which ought to he employed 
in treasuring tiiem in the rnemory, arc wasted; ond^the 
xaind becomes fatigued by labours whicJi yield not the 
expected profits and rewards of sedulous ^a4 -«^J.- 
directcd exertion. On ihc otliev ha.uii'mtfKiX.ciH.'Oa.i-^'a't'*^.., 



whose price is low enough to admit of their being^ 
studied as class books in our seminaries, are very de- 
fective, in many respects. To furnish a cheap and 
useful manual for the teacher, and for the pupil, has 
been my endeavour in the following Treatise. It has 
no claims to public confidence, but such as arise from 
the credit due to the authors, of whose labours I have 
availed myself in its compilation. As an Instructor 
of youth, I have long experienced the want of a 
eoncise and familiar introduction to the use of the 
globes, and of maps, as instruments of indispensable 
importance in the study of geography and astronomy. In 
the hope, that this attempt to supply my own need, may 
be servicable to gentlemen who are engaged in the tui* 
tion of youth, and to students in general, I have ventured 
to publish it in its present form» Should it prove 
useful— 4ind not only lighten the labour, but facilitate 
the acquisition of instrucdon, I shall feel grateful ta 
that Divine Being, who has enabled me to contribute 
even an humble mite towards enriching the minds of 
ibie Hsing generation. 

Salem^Street jlcademy. 
^ Boston^ 1812. 
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50. The right ascension and descenaion «f a star, the 
moon, a planet, or of a, comet, being given, tu find 
its place on the globe ' -*; • 

Si. The latitude and longitude of the moon, a star, 6^^< 
a planet, given, to find its place on the globe . 149 

53. The dn; uid hour, and the fatitode of a place being 
given, to find what stars are rising, setting, culmin- 
•ting, &e 1« 

W. The latitodeofa place, day of ilie month, aod hour 
being given, to place the glsbein siicb a manner aa 
to represent the heavens at that time ; in order to 
find oat the relative sitnatiuna and names of the 
constellations and remarkable stars - . 1 

54. To find when any star, or planet, will riae, come to 
the meridian, and set at any given place . . 1 

55. To find the amplitude of any star, its oblique u- 
cension and descenaion, and its diurnal arch, for any 
given day ..-,.. 146 

56. The latitude of a pliee given, to find the time of 
the year at which any known star rises or sets 
acfaronicaUy, that is, wh^o- It rises or sets at sun 
setting . .1 

ST- The latitude of a place given, to find the time of 
the year at which any known star rises or sets co»- 
tnically ; that is, when it risea or sets at sun rising I4S 

58. To find the time of the year when any given star 
riaea or sets heliacally .... ib. 

59. To illustrate the precesiion of the equinoxes . 150 
'" To find the distances of the stars from each other 

ii degrees . ■ ■ 1 51 




SI. To find i^at stars lie in or neartbe moon^spath, 
or what stars the moon can eclipse, or make a near 
approach to . . . . • • 152 

£2. Given the latitude of the place and day of the month, 
to find what planets will 4>e above the horizon after 
,sun setting « <. ^ . 153 

j(S8. Given the latitude of the place, day of the month, 
and hour of the night and morning, to £ndwhat 
planets will be visible at that hour . t&. 

.jfi4. The latitude of the place and day of the month 
given, to find how long Venus rises before the sun 
when she is a morning ^tar, and bow long she sets 
after the sun when she is an evening star • 154 

65. The latitude of the place and day of the month 
being given, to find the meridian altitude of any 
star or pUnet ..... 156 

^6. To find all those places on the earth to which the 

moon >yill be nearly vertical on any given day . 157 

£7. Given the latitude oi a place, the day of the month, 
and the altitude of a star, to find the hour of the 
night, and the star's azimuth . . . 158 

■jdS» Given the latitude of a place, day of the month, and 
J^SiH of the day, to find the altitude of any star, 
and its azimuth . • . « 159 

69. Given the latitude of a place, day of the month, and 

azimuth of a star, to find the hour of the night, 
and the star's altitude . . • . 161 

70. Two stars being given, the one oip the meridian, 
and the other on the east or west part of the 
horizon, to find the latitude of the place. . . 162 

.71- The latitudf of the place, the day of the month, 
and two st:irs that have the same azimuth, being 
^ven, to find the hour of the night . . , ib. 

72. The latitude of the place, the day of the month, 
and two stars that have the same altitude, being 
given, to find the hour of the night . 164 

73. The altitudes of the two stars having the same 
azimuth, and that azimuth being given, to find the 
latitude of the place . . . fl« 

74. The day of the month being given, and the hour 
when any known star rises or sets, to find the 
latitude of the place .... 165 

75. To find on what day of the year any. given star 
passes the meridian at any given hour . . 166 

76. The altitude of I'vo stars being given, to find the 
latitude of the place .... 16f 

7T» The meridian altitude of a known star being given 
at any pUce» to find the latitude < V6ft 
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78. To find the time of the moon's southing, or coming 
to the meridian of any place, on any given day of 
the moRth . . . . . ib. 

79. To determine the 7)1ace, and describe the path of a 
comet among-t lie fixed stars . • . 169 

80. To find the sua's altitude by placing the globe m 

the sunshine ..... 17O 

81. To find the sun's declination, his place in the eclip- 
tic, and his azimuth^ by placing the globe in the 
sunshine . . . . . ih. 

82. To draw a meridian line upon a horizontal plane, 

and TO determine the four cardinal points of the 
hovizon ..... . XTl 

83. To find i*e time of the year when the sun or moon 
will he liable to be eclipsed • . g^. 

A Table of the Latitudes and Longitudes of some of 
the principal places in the world, with the countries 
in which they are situated .... I73 

An Alptiabetical' List of the Constellations, with the 
right ascension (R.) and declination (D.) of the 
middle of each, for the ready finding them on the 
globe ..... . 181 



ERRATA. 

In the recommendation of the Committee of associated 
Inslructers, line 7, for cursory, read careful; p. 32, 1. 26, dele 
the semicolon nftcr the word mormntr and insert a comma, 
also insert a comma after daybreak, in the same line ; p. 32,* 
1 30. for now, read more; p. ,34, in the note at tlie bottom', 
for Byrne, read Bryan; p. 60, for »* 30,73: days, 18 hours." 
Herchel's annual revolution round the sun, in the Table, 
read "30,445 days, 18 hours," or about "83i years;" p. 
69, I 7, foi about four days, read it may be seen, in clear loeath- 
er, about two days ; p. 74, last line, for months, read minutes ; 
p. 94, 1. 19, second column of figures, for 68, read 58 ; p I74' 
latitude of Boston read 42^23', lor.jrit.ide 71" 3^• plate I. fijr. 
gure 4, for the central letter of reference, C, insert &\ 




Before we describe the globes, it will be proper 
to take some notice of the properties of a circle, 
of which, a globe may be said to be constituted. 

1 . A line is generated by the motion of a poinU 

2. Let two points be supposed, the one move- 
able, the other fixed. 

3. If the moveable point be carried directly 
towards the fixed point, its motion will generate a 
straight line. 

4. If the moveable point be carried ronnd a 
fixed point, keeping in its course at the same dis- 
tance from it, a circle, or some part of a circle 
will be formed, of which the fixed point will be 
the centre. 

5. All straight lines proceeding from the centre 
to the circumfeVence of a circle, are equal. 

6. A right or straight line drawn from the cen» 
4re of a circle to its circumference, is called radi> 
US, or semi -diameter. 

t. Every straight line, drawn through tlie cen- 
tre of a circle, and terminated by its circumfer- 
ence, is called a diameter. 

e. A sphere is a solid body contained under 
one single uniform surface, ever)^ point of which 
Is equally distant from a certain point in the mid- 
dle, called its centre. 

d. Axis is a real or imaginary line, passing 
through the centre of a sphere or circU oa.'wVCv^ 
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lives, or is supposed to revolve. The e»- 
tremities of an axis are called its poles. 

to. A map is a plnne figure representing tbe. 
surface of the earth, or some part of it, being a 
projection of the globular surface of the earth, 
exhtbittng countries, seas, rivers, mountains, cities^ 
&C. in their due positions. 

n. Maps are either universal or particular. 

12. Universal maps are such as exhibit the 
wholesurfaceof the globe, or the two hemispherea, 

13. Particular maps are those which represent 
some particular region, or part of the earth. ' 

14. Charts or sea maps are those which repre- 
sent only the oceans, seas, and sea coasts. 

15. The latitude of places upon maps is i 
pressed by the figures on their sides. If the fig^:. 
ures increase upward, the latitude is north ; i£ 
they increase downward, the latitude is south,.* 
[See map.] 

1 6. On maps, the longitude of places is express- 
ed by the figures at their top and bottom. When 
the figures increase to the right, the longitude is 
cast ; when they increase to the left, the longitude 
is west. — [See map.] 

17. In maps in general, the upper part is north- . 
ward; the lower, southward ; right side, eastward; 
and the left, westward. When constructed in a 
different manner, the bearings of the map are ex- 
pressed by a compass, with a fleur de luce pointing 
to the nort^, and a cross to the east. — [See map.] 

18. Geography is the science which describes 
the surface of the earth, the constituent parts of 
which are land and water. 

19. The land consists of continents, islands, 
peninsulas,andisthmusses; and the water of oceans, 
seas, lakes, gulfs, straits, and rivers. 

20. There are two continents : the old or east- 
ern, which contains Europe, Asia, and Africa ; ■ 



If 



, consisting of I 

nd surrounded 



and ihc new or western continent, 
North and South America. 

21. An islund is n portion of la 
by water; as Gri-at Britain, Newfoundland, Cuba, 
Nantucicet, &c. 

22. A peninsula is a tract of land almost sur- 
rounded by water; as Boston, and the Morea in 
Greece. 

23. An isthmus is a neck of land which joins a 
peninsula to a continent, or two grand divisions 
of the same continent together ; as the isthmus 
of Suea which joins Asia to Africa, and that of 
Darien, which unites North and South America. 

24. A cape is a point of land extending far into 
the sea. If the land be high and mountainous, it 
is called a promontory. 

25. Ocean is the vast collection of salt and navi- 
gable water which encompasses most parts of the 
earth, and occupies about two thirds of the whole 
surface of the globe. 

26. The great and universal ocean is generally 
divided into four parts, via. the Pacific, the Atlan- 
tic, the Indian, and the Northern or Frozen oceans. 
The ocean also takes other names, from the coun- 
Iriea on which it borders ; as the German ocean, 
&c. and according to the position of it on the 
globe, as the northern, southern, eastern, western 
oceans. 

27. The ocean penetrating the Ignd at several 
straits, quits the name of ocean, and assumes that 
of sea, or gulf, as the Mediterranean sea, the Per-- 
Gian gulf, &c. 

28. A sea is a smaller collection of water than 
an ocean, as the Caspian sea, the Baltic, &o. 

29. A lake is a large collection of fresh water 
in the interior of a country; as Lake Cham- 
^ain, Lake Ontario, &c. 



■ — ^^ 

16 

30. A gulf or bay is an arm of the ocean, or 
i sea, which exttnds a considerable way into 

the land, as the Gutf of Mexico, the Bay of Bis' 
cay, &i 

31. A strait is a narrow part of the sea, formtttg 
a passage from one sea to another ; as Da\-i&'s 
Straits, the Straits of Gihralier, &c. 

32. The earth is a globular body, whose dia- 
meter is about 7964 miles in length, and whose 
surface contains nearly 200 millions of square 
miles. 

33. The land is inhabited by about a thouBand 
millions of human beings. 

34. The earth is divided by geographers into 
four great nominal parts, sometimes called quar- 
ters, viz. Europe, Asia, Africa, and America. 

35. The foundation of all maps is what is call- 
ed the projection of the spheres. 

36. Of projections there are two kinds, ortho* 
graphic, and stereo graphic. The orthographic, 
supposes the eye placed at an infinite distance in 
»he axis af the circle of projectioti; the stereo- 
graphic, supposes the eye to be in the pole of th« 
circle of projection. 

3". Mercator's projection supposes the earthy 
instead of a globular, to have a cylindrical figure ; 
in consequence of which, the degrees of longitude 
become of an equal length throughout the whole 
■urface, and are marked on the map by parallel 
lines. The circles of latitude are also repre- 
sented by lines crossing the others or right angles j 
but at unequal distances, the degrees of latitude 
increasing in length, in proportion as they are 
distant from the equator. A map of the world, 
therefore, cannot be delineated upon this projec- 
tion, without distorting the shape of countries in 
a very extraordinary manner ; but the projection 
is useful in sea charts, as it shews the differ- 





ent bearings of places with perfect accuracy, which 

cannot be done on any oiher map. 

38. Pl»ln charts have the meridians, as well aa 
the parallels of latitude drawn paralli-l to each 
other, and the degrees of latitude and longitude 
equal to those at the equator. 

39. The armillary sphere is an astronomical 
instrument, representing the several circles of the 
sphere in their natural order, serving to give aa 
idea of the office and position of each of them. 
It is thus called, as consisting of a. number of 
circles or rings, which were called by the Latins, 
armill^, from their resembling bracelets, or rings 
made for the arm. — [Fig. 7.] 



Definitions of Terms necessary to be understood 
in the solution of Problems on theTerrestrial and 
Celestial Globes. 

40. The terrestrial globe is an artificial repre- 
sentation of the earth. In the figure 1, the globe 
ie represented out of its stand, thnc the difierent- 
circles, &c. may be distinctly seen. 

41. The grand divisions, different empires, 
kingdoms, countries, chief cities, oceans, seas, 
rivers, &c. are represented on the terrestrial globe, 
according to their relative situations on the real 
globe of the earth. 

42. The diurnal motion of the terrestrial globe 
is from west to east. 

43. The axis of the earth is an imaginary line 
passing through the centre of it, on which it \a 
supposed to turn, and about which all the heav- 
enly bodies appear to have a diurual revolution. 

44. The axis of the earth is represented by the 
wire which passes from north to south, through the 
middle of the artificial globe.— [Fig. 1>] 

2* 



*j. The poles of the earth are the two ex- 
tremities of Us axia; one of which is called the 
north or arctic ; the other, the south or aotarc- 
tic pole. — [Fig. 1-] 

46. The celesliiil poles are two ima^nary 
points in the heavens, exactly above the terrestiis^ 
polea. Or, if the-axis of the earth were prolonged 
until it came in contact with the starry hcaveoaf 
it would touch the celestial polea in two poinU* 
otic of whici), would be within two degrees of 
the pole star,* in the end of the tail of the I^tcte 
Bear. 

AT- The brazen meridian is the circle in which 
the artificial globe turns, and is divided into 3$0 
equal parts, called degrees, — [Fig. 1.] 

48. Every circle is supposed to be divided int» 
360 degrees; each degree into 60 minutes, and 
each minute into 60 secootls. 

49. A degree of a great circle in the heavcnf 
is a space nearly equal to twice the apparent dia^^ 
meter of the sun, or to twice that of the moon^ 
when considerably elevated above the horizon.. 

30, The degrees in the upper semi-circle of the 
brazen meridian, are numbered from O to 90 from 
the equator towards the poles, and are used for 
finding the latitudes of places. 

51. On the loi.ii- serri-circlc of the braseft 
meridian, the degi\;Es ;irf numbered from O to 90, 
ffom the poles towards llic equ.itor, and are used 
in the elevation of tho poles. 

52. Great circl*;s diviilt; tlic pl^bc into twi^ 
equal parts, as the eipiiLtni-jtiitj i-cup;ic, the ratioi 
horizon, and the bi'accii meridlAit, witun asi 




■ The pule atir, U > itar of the Becond niRKnitude, ecM' 
th« north pule, in the end of the tail of tlic Litllc Bear. It*. 
^enn ri^ht Mcenaion, foe tlie bcginring of the year 130^ 
«M 13* 14' 4:1" vid its deeliintian t)6° U' narth. Mr. Bbw. 
,d4tEh E>vea iu right M»ensioa in time Si 15", far WXk 
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as the meridian of any particular place; and the 
colures on ihe celeatial globe.* 

53. The equator la a great circle of the earth, 
equidistant from the poles, and divides the globe 
into two hemispheres, northern and Eoutbern. — 
[Fig. I-] 

54. The latitudes of places are counted north* 
ward and southward from the equator; and the 
longitudes of places are reckoned upon it eastward 
and westward. 

55. The equator when referred to the heavens, 
is called the equinoctial, because when the sun 
appears in it, the days and nights are equal all 
over the earth, viz. 12 hours each. 

j6. The first meridian, is that from which ge- 
ographers begin to count the longitude of places. 
In English maps and globes, the first meridian is 
a semi-circle supposed to pass through London 
or the royal observatory of Greenwich. 

ST- Meridians, or lines of longitude, are semi- 
circles, extending from the north to the Gouth 
pole, and cutting the equator at right angles. — 
|Tig. 2.] 

58. Every place on the globe, is supposed to 
have a meridian passing through it, though there 
are 24 only drawn on the artificial globe ; the de- 
ficiency is supplied hy the brass meridian. 

59. When the sun comes to the meridian of 
any place (not within the polar circles,^ it is there 
noon or mid-day. 

60. When the brass meridian stands over an v 
particular place, representing its meridian, it is 
Eonsidered as a great circle, dividing the globe into 

I eastern and western hemispheres. — [Fig. l.J- 
l. The ecliptic is a great circle in which the 
^akes his apparent annual progress among 



iries to a great circle are great circlefl ivhicli pass 
poles, and consequently musl. Vie ^w^CT>&ii''i?iK 



ihe ftxed stars; or ii describes the real path of 
the earth round the sun, and cuts the equator, 
when drawn on the terrestrial globe, in an angle 
of 23° 28'. The points of intersection are called 
the equinoctial points. — [Fig. 2.] 

62. Small circles divide the globe into two un- 
equal parts. 

63. The tropics are two small circles parallel 
to the equator at the distance of 23° 28' from it; 
the northern, is called the tropic of cancer, and the 
southern, the tropic of Capricorn. — [Fig. 2.] 

64. The tropics are the limits of the torrid zone. 

65. The polar circles arc small circles par- 
allel to the equator, at the distance of 66° 32' frxim 
it, or 23° 28' from each pole. The northern is 
called the arctic ; the southern, the antarctic 
circle [Fig. 2.] 

66. Parallels of latitude are small circles drawn 
through every ten degrees of latitude, on the ter- 
restrial globe, parallel to the equator. — [Fig. a.J 

67. Every place on the globe is supposed to 
have a parallel of latitude drawn, through ie^ 
though there are, in general, only sixteen paral^ 
lels drawn on the terrestrial globe. 

68. The hour circle on artificial globes, is a 
small circle of brass, with an index fixed to the 
north pole. This circle is divided into twenty- 
four equal parts, correspondent to the hours of 
the day; and these again are subdivided intO' 
halves and quarters. 

69. The equator is also an hour circle, being 
on the best globes so divided by meridian lines, 
drawn through every fifteen degrees of longitude, 
as to answer every purpose to which the brass 
circle can be well applied. 

70. The ecliptic is divided into twelve equal 
parts, called signs, each containing thirty degrees. 
The BUn makes his apparent annual progress 
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Arougli the ecliptic, at the rate of nearly one 
degree in a day. — [Fig. 2.} 

71. Tlie names of the signs and their charac- 
ters, and ihc days on which the aim enters them, 
are as follow : 

Vernal Signs. 
T Aries, the ramr-2lBt of March. 
« laurus, the bull,— I9di of April. 
□ Geinini, the twins, — 20th of May, 

Summer Signt. 
5o Cancer, the crab, — 2 1 st of June. 
SL Leo, the lion, — 22dorjufy. 
"E Vit^o, the virgin, — 22d of August. 
I jiutumnal Signs. 

A Libra, the balance,— 23d of September, 
m, Scorpio, the Scorpion, — 33d of October. 
/ Sagittarius, the archer, — 22tl of Novembciv 

Winler Signs. 
>3 CapriconiUB, the goat*— 21st of December. 
SS Aquarius, ll;.i water-bearer, — 20th of January. 
X Pisces, llie fiahesf— 19th of February. 

72. The vernal and summer signs are called 
, northern signs ; because when the sun is in any of 
; them, his declination is north. 

73. The autumnal and winter signs are called 
southern signs ; because when the sun is in any 
of them, his declination is south. 

74. The vernal and autumnal signs are called 
I ascending signs ; because when the sun is in any 
I of them, bia declination is increasing. The sum- 
mer and winter signs, are called descending signs; 
because when the sun is in any of them, his de- 
clination is Jecrcasing-. 

75. Declination of the sun, a star, or planet, is 
its distance from the equinoctial, northward or 
southward. 

76. When the sun is in the equinoctial he has 
no declination, and enlightens half the globe from 

' pole to pole. As he increases in north declina- 



I 






22 

lioti, he gradually shines further over the nortik 
pole, and leaves the south pole in darkness : in » 
flimiUr manner, when he has &0H(h declinatioo, 
he shines over the south pole, and leaves the norill 
pole in darkness. 

77. The greatest declination the sun can have il 
33° 28' — the greatest declination a star* can have 
is 90° — and that of a planet, 30° 28' north or south. 

78. The horizon is a great circle, which SFpa* 
rates the visible part of the heavens from the invis- 
ible. This circle, when applied to the earth, ii 
distinguished by the names rational and seaaU^Ie 
horizon. 

79. The true or rational horizon is an imagin- 
ary plane passing through the centre of the earth. 
It determines the rising and setting of the sun, 
stars, and planets. 

80. The sensible, or visible horizon, is thai 
which terminates our view, and is represented hj 
that circle which we see in a clear day where the 
earth, or sea, and the sky seem to meet. 

81. The wooden horizon, circumscribing the 
artificial globe, represents the rational horizon o ^^ 
the real globe. This circle is divided into sever* 
al concentric circles, which are arranged on Bar- 
din's new British globe, in the following order : 

[Fie- >■] 

83. The first circle is marked amplitude, and 
is numbered from east and west, towards the 
north and south, from to 90°. 

83. The second circle is marked azimuth, ani 
is numbered from the north and south points c 

• The star, called the pole star, is not exacllj' over th 
}K)le ; but, being' a star of the eecond mag^nitude, atii 
nearer than any other remai'kable slap to the pole, it i 
»ery useful in navigalion, in delerniiiiing- the iMitude ( 
places, tic. especially as its declination being knonn. il 
complement of latitude can be eiBCllj ascertained. Iti 
nfttion is ib" 14' north. 



♦Tie horizon, towards the cast and west, from to 
90". 

84. The third circle contains the thirty-two 
points of the compass, divided into half and quar- 
ter points. The degrees in each point are to be 
found in the azimuth circle. 

85. The fourth circle contains the twelve signs 
of the zodiac, with the figure and character of 
each sign. 

86. The fifth circle contains the degrees of the 
signs, each sign comprehending 30". 

B7- The sixth circle contains the days of the 
month, answering to each degree of the sun's place 

; in the ecliptic. 

88. The seventh circle contains the equation of 

' time, or the difference of time between a well reg- 
ulated clock and a sun dial. When the clock 
ought to be faster than the dial, the number of 
minutes expressing the difference has the sign -|- 
before it; when the clock ought to be alowerj the 
number of minutes has the sign — before it. 

. 89- The eighth circle contains the twelve cal- 

, endar months of the 3'ear. 

I 90. The cardinal points of the horizon are east^ 

I west, north, and south. 

I 91. The cardinal points of the heavens are the 

I Zenith and Nadir, and the points where the sun 

W rises and sets. 

r 92. The cardinal points of the ecliptic are the 

I equinoctial and solstitial points, which mark the 

\ commencement of the four seasons of the year. 

!93. The cardinal signs are T Aries, as Cancer, 
:it Libra, and V3 Capricorn. 
94. The zenith is a point in the heavens, ex- 
actly over our heads, and is the elevated pole of 
our horizon, 

95. The nadir is a point in the heavens, exacdy 
under our feet, being the dcprcssti ^dV^ o^- "^"^^ 



^ 



&4 

[otisod, or tlte elevated pole of the horizon of oin 
antipodes. 

96. The pole of any circle is a point on the 
surface of the glolic, 90° distant from every p^ 
of the circle of whicK it is tht pnle. Every cir * 
on the g;lohe has two poles diametrically oppM 
to each other. 

97. The equinoctial points are Aries and Ltl^ 
where the ecliptic cuts the equinoctial. The pcwl 
Aries is called the vernal, and Libra, the autum 
nal equinox. When the sun is in either of the* 
points, the days and nights, on every part of thi 
glohe, are equal to each other. 

98. The solstitial points are Cancer and C^ 
ricorn. When the sun is in either of these poin^ 
the variation in his greatest altitude is scared] 
perceptible for several days ; because the eclipt^ 
near these points, is almost parallel to the eqi^ 
noctial, and therefore the sun has nearly the 9 " 
declination for several days. 

99. When the sun enters Cancer it is the Ion| 
est day to all the inhabitants on the north side < 
the equator, and the shortest day lo those t 
south side. When the sun enters Capricorn it 
the longest day to those who live on the i 
and shortest to those who live on the north sid 
of the equator. 

100. A hemisphere ishalfthe surface of a ^lob< 
Every great circle divides the globe into two h« 
ispheres. 

101. The horizon divides the upper from d^ 
lower hemisphere in the heavens ; the equatt 
separates the northern from the southern on l' 
earth; and the brass meridian, standing over a 
place on the terrestrial, or over any star or otlu 
heavenly body on the celestial globe, divides i 
into the eastern and wcsteni hemispheres! 



102. The mariner's compass* is a repiescnu- 
tion of the horizon, and is^ised by seamen to di- 
rect and ascercain the course of their ships. It 
cousists of a box which contains a paper card, di- 
vided into thirtA'-two equal parts, fixed on a mag- 
neiical needle that points towards the r 

103. The variation of the compass is the devi- 
ation of its point from the corresp'ondcni point 
in the heavens. When the north point of the 
compass is to the east of the true north point of 
the horizon, the variation is east ; if it be the 
west, the variation is west. 

104. The magnetic needle does not always point 
directly to the north, but is sutiject to a small an- 
nual variation. At present, in England, the nee- 
dle points about 24° to the westw.ird of north ; — 
in JIoBton the variation is, in 1812, 4° 48' west. 

105. Latitude of a plai-e on the terrestrial globe 
J9 its distance from tlic e-;iator, in degrees, min- 
utes, or geographical miles ; and is leckonud on 
the brass meridian, from the equator toward the 
north or south pole. 

106. The quadrant of altitude is a thin slip of 
brass divided from to 90°, and sometimes down- 
ward to 18°; and, \vheu used, is generally screw- 
ed lo the brass meridian. The upper divisions 
are used to determine the distances of places on 

' the earth ; the distances of the celestial bodies, 
their altitudes, &c. and the lower divisions arc 
applied to find the beginning, duration, and end 
of twilight. 

107. Longitude of a place on the terrestrial 
globe is the distance of that place from the first 
meridian, reckoned In degrees and parts of de- 
grees, on the equaior. 

108. On most English maps and globes, the 

Kieridiau is drawn through London, or the 
* See Skeleton map. 
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toyal obaervatoiy at Cireeiiwicli, ami longitude is 
counted eastward and westward, half round the 
globe J consequently, on such maps and globes, 
no place can have a greater longitude than 180*. 
The figures expressing these degrees are placed 
immediately above the equator. 

109. On most maps, sea charts, and globes, 
Blade on the continent of Europe, geographer* 
construct them either with the first merid inn drawn 
through the capital of the country in which they 
are made, or through Ferro, one of the Canary 
islands in the Atlantic ocean. Most of the con^ 
tinental geographers reckon longitude eastward, 
iiom their first meridian, round the globe. Fms 
die accommodation of such as prefer this way oC 
reckoning, a second row of figures is placed oit 
the terrestrial globe, over the row nearest to lh% 
•quutor. 

no. There are no places upon the surface q^ 
tiie earth, through which meridians may not bo 
conceived to pass. Every place, therefore, ^ 
supposed to have a meridian passing over its x(M> 
aith, from north to south, and going through the 
poles of the world. 

111. To find the longitude of a place is to diot 
^overwhat degree of the equator the meridian oJ 
that place crosses. 

113. All places that lie under the same meri*. 
dian are said to have the same longitude. 

113. Upon the terrestrial- globe, there are 
twenty-four meridians drawn, dividing the equa- 
tor into twenty-four equal parts, which are the 
hour circles of the places through which they pass. 

114. The distance of these meridians from each 
tier is 15°, or the tv/enty -fourth part of 360" : 

IJ" of longitude are equal to 1 hour; and l" of 
longitude to 4 minutes of time ; i" to 2 minutea, 
ind i" to 1 minute. 



1 15. * Degrees of longitude may he turned 
into time by multiplyini; by 4; observing thnt 
ii)inutes or miles ol' longitudi^ produce seconds ot' 
lime, when multiplied bp 4, and degrees of longi- 
tude, when multiplied by 4, produce minutes of 
time. 

116. t Time may be reduced into degrees, &c. 
by multiplying them by 10, and increasing the 
product one half. 

117. Apparent noon is the time when the sun 
comes to the Meridian, viz. 12 o'clock, as shewn 
by a correct sun dial. 

118. True or mcimnoon is 12 o'clock, ns shewn 
by a well regulated clock, adjusted to go twenty- 
four hours in a mean solar day. 

119. The equation of lime at noon is the inter- 
val between the true and apparent noon ; it is the 
difference of lime shewn by a well regulated cluck 
and a correct sun dial. 

120. A true solar day is the time from the sun's 
leaving the meridian of any place, on any day, 
till it returns to the same meridian on the next 
day, viz. it is the time elapsed from 1'2 o'clock at 
noon, on any day, to 12 at noon, on the next day, 
as shewn by a correct sun dial. 

121. A mean solar day is measured by equal 
^^mmion, as by a clock or time piece, and consists 
^^^btrency-four hours. 



tReiluc 



1.37' 23" 00'" 

1 b, "j' 4'1." to d^re 



■; j' 20' OO." 




26 

122. All asH'oiiomical day consists of tweniy- 
four hours, being recltoned from noon to noon. 
, 123. The Artificial day Is the time elapsed be^ 
tween the sun's rising' and setting, and is varifr 
btc according to the diftVrent latiuides of places. 

124. The civil day, like the astronomical day, 
consists of twenty-four hours, hut begins <liifer- 
cntiy in ditferent nations. 

123. The siderial day is the interval of time 
from the apparent passage of any fixed star over 
the rueiidiau, till it returns again ; or it is the 
time which the earth lakes to revolve once round 
its axis, and consists of twenty- three hours, fifty- 
Bix minutes, four seconds. 

126. A solar or tropical year is the time tfaci! 
sun takes in passing through the ecliptic, tVom ooe 
tropic or equinox, till it returns to it again, aniL 
consists of three hundred and sixty five days, fivo 
hours, forty-eight minutes, forty-eight seconds* . 

127. A siderial year is the space of time which 
the sun takes in passing from one fixed star, tiUt 
he returns to it again, and consists of three hutf 
dred and sixty-five days, six hours, uiue minutes,' 
and twelve seconds. 

128. The siderial year is twenty minutes^ 
twenty-four seconds longer than the solar year, 
and the sun returns to the equinox every year be-^ 
fore he returns to the same point of the heaveDaj^ 
consequently the equinoctial points have a ietro«j 
gade motion. 

1:29. The precession (or more properly the rg' 
cession) of the equinoxes is a slow motion of the 
equinoctial points from east to west, contrary to 

Itlie order of the signs. 
130. The retrogade motion of the equinoctial J 
points is about 50J seconds in a year, so that ic-l 
\rDuId require 25, rai years for the equinoctial I 
points to perform an entire revolution \ve5twartl»B 



voiinrl ihe globe. This period llie ancients caDetl 
the Platonic or great ye-.ir ; and imagined that at 
its completion every thing would begin as at first, 
and alt things come round in the same order as 
ihey had done before. 

131. Positions of the sphere are three — right, 
parallel, and oblique. 

132. A right sphere is that position of the earth 
in which the equator passes through the zenith 
and nadir, the poles being in the rational horizon. 

133. A right sphere is so called because all the 
parallels of latitude cut the horizon at right angles, 
and the horizon divides them into two equal parts, 
making equal day and night. The inhabitants 
who have this position of the sphere, live at the 
equator. 

134. A parallel sphere is the position of the 
earth when the rational horizon coincides with 
the equator, the poles being in the zenith and 
nadir. 

!3J. A parallel sphere is so called, because all 
the parallels of latitude are parallel to the horizon, 
with which the equator coincides. The inhabit- 
ants who have this sphere, (if there be any such 
inhabitants,) live at the poles, and see the sun 
above their horizon for six months together. 

136. An oblique sphere is the position which 
the earth has when the rational horizon cuts the 
equator obliquely. This sphere is common to all 
the inhabitants of the earth, who do not live ex- 
actly at the equator or the poles. 

13?. Climate is part of the surface of the earth, 
contained between two small circles parallel to the 
equator, and of such a. breadth, that the longest 
day in the parallel nearest to the pole exceeds the 
parallel next to (he equator, half an hour in the 
torrid and temperate zones, or one month la the 
frigid zones. 

3* ^' 
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138. There are twenty -four climates between 
the equator and each polar circle, and six climates 
between each polar circle and its pole.* 

139. A zone is a portion of the surface of the 
earth, contained between two«mall circles parallel 
to the equator. There are five zones — one torrid, 
two temperate, and two frigid zones. — [Fig. 2.} 

140. The torrid zone extends from the tropic 
of Cancer to the tropic of Capricorn, and is 46° S& 
brc^d. The equator is in the middle of this zone, 
from which each tropic is distant 23** 28'. This 
zone was thought by the ancients to be uninhabit- 
able, because it is exposed . continually to the di- 
rect rays of the sun. 

141. The two temperate zones. The north 
temperate zone extends from the tropic of Cancer 
to the arctic circle, and the south temperate zone, 
from tlie tropic of Capricorn to. the antarctic cir- 
cle [Fig. 2] 

142. The temperate zones are each 43^4' broad, 
and were called temperate by the ancients, because, 
by meeting the sun's rays obliquely, they enjoy a 
moderate degree of heat. 

143. The two frigid zones. The north frigid 
zone, or rather segment of a sphere, is bounded 

• From this technical definition of climate, we must not 
infer that all places situated in the same parallel of latitude, 
have the same atmospherical temperature. For instance, ia 
Canada, in about the latitude of Paris, and the south of Fing- 
Ifind, the cold is so excessive tliat tlie greatest rivers are 
fi'ozcn over from December to April, and the snow commonly 
lies from four to six feet deep; but the temperature of the 
atmosphere in the same latitudes, in France and dreat Brit- 
ain, is comparatively warm and mild. The Andes mountains, 
though part of them are sit«a.ted in the torrid zone, are, at 
their summits, covered with snow, which cools the air of the 
adjacent countries. The heat on the western coast of Africa^ 
aficr the wind has passed over the sandy desert, is almost 
•uffocating ; whilst the same wind, having passed over the 
Atlantic ocean, is cool and refreshing to the inliabitants of 
the Carribbean islands. 
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by ih& arctic circle. The north pole, which is 
situated iathe middle of this zone, ia 23° 28' from 
the arctic circle. — [Fig. 2.] 

144. The south frigid zone ia bounded by the 
antarctic circle, distant 33" 28' from the south 
pole, ivhicii is situated in the centre of this zone. 

145. The ancients supposed the frigid zonca 
uninhabited ou account of the extreme coUi n hlch 
prevailed in them. They believed th^tihc temper- 
ate zones were the only habitable parts of the 
earth. 

146. Amphicii are the inhabitants of the torrid 
zone, so called because they cast thuir shadows 
both north and south, at different timus of the 
year; the sun being north of liiem at tioon, when 
it has north declination, and then ihcy east their 
shadows south ; when the sun has south declina- 
tion, they cast their shadows north. 

147. When the sun is vertical, or in the zenith, 
to the inhabitants of any place in the torrid zone, 
they have no shadow, and are called Ascii, or 
shadowless. 

148. Hetcroseii is tlie name given to the inhab- 
itauie of the temperate zones, because they cast 
their shadows, a( noon, only one way. Thus, the 
shadow of an inhabitant of the north temperate 
■jjaao always falls to the north at noon, because 
the sun is then directly south ; and an inhabitant 
of the south temperate zone casts his shadow 
south, because the sun is due north at that lime. 

149. Periscii are the people who inhabit the 
frigid zones, so called, because their shadows, 
(luring a revolution of the earth on its axis, are 
directed towards everj- point of the compass. In 
the frigid zones, the sun does not set during sev- 
eral revolutions of the earth upon its axis. 

.150. Antoeci are those who live in the same 
. ^^gt^e of Longitude, and in eq^ual degrees •i^C-VaX.- 
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itude ; but the one has north, and the other, 
latitude. They have noon at the same timt 
contrary seasons of the year ; consequeatl 
length of the clay to the one is equal to the 1 
of the night to the other. Those who lite i 
equator have no Antoeci. 

151. Perioeci are those who live in the 
latitude but in opposite longitudes. Whei 
noon with th> one, it is midnight with the < 
They have thi: same length of days and n 
and the same seasons of the year. The peo 
the poles have no Perioeci." 

152. Antipodes are the inhabitants of the 
who live diametrically opposite to each othei 
consequently walk feet to feet. Their latit 
lopgitudes, aeasons of die year, days, and n 
are all contrary to each other, 

153. The crepiiscuUim or twilight is that 
light which we perceive before the sun risci 
after he sets. It is occasioned by the earth 
mosphere refracting the rays of light, and re 
hig ihem from the particles thereof. The 
light is supposed to end in the evening, whe 
Bun is 1 8° below the horizon, and to begin ii 
morning ; or it is c/ay break when the sun is i 
within 18° of the horizon. 

154. The twilight is shortest at the eqi 
and longest at the poles, where the sun is neai 
months before he retreats 18° below the hori 
and he is only two months now before he ar 
at the same parallel of latitude. 

155. Refraction. The earth is surrounde 
a body of air, called the atmosphere, thr 
which the rays of light come to the eye froi 
the heavenly bodies ; imd since these rayi 
emitted through a very rare medium, and 
obliquely upon the atmosphere, which is a <J 
medium, they are, by the laws of optics, refn 



Ill lines approaching nearer to a perpendicular ,from 
the pl-aee of observation, (or nearer to the zenith) 
than they would be, were the medium removed. 
Heijcc ail the heavenly bodies appenr higher than 
they really are ; and the nearer ihey are to the 
horizon, the greater the refraction or difference 
between their real and apparent altitudes will be. 

156. Any fluid or substance, through which a 
ray of light can penetrate, is called a medium, as 
air, water, oU, glass, &c. The air near llie earth 
is denser than in the higher regions of the atmos- 
phere ; and beyond the atmosphere, the rays of 
light are supposed to meet with little or no resist- 
ance. 

157. The atmosphere extends to aa unknown 
height; hut if, as astronomers generally calculate, 
the sun begins to enligliten it in the morning, when 
he comes within IB" of the horizon of any phiee, 
the height of the atmosphere may be calcu- 
lated to be nearly fifty miles. Its weight or pres- 
sure, upon a square inch of the earth's surface, is 
equal to about fifteen pounds avoirdupoiae weight. 

158. Refraction is variable according to the 
different denailiea of the air; hence it happens that 
we sometimes are able to see the tops of moun- 
tains, towers, or spires of churches, which are at 
other times invisible, though we stand in the same 
place. The density of the atmosphere decreases 
with its height. 

159. When the sky is clear,* by the greater 
density of the atmosphere, we see the sun about 

* The state of tlie atmospliere ia often ■very impropeily 
expressed by those who arc unacquainted with its nature, 
whn, when Oieir apitits are liepresaed, ascribe the effect lo 
the lieavinesa ot'tlie nir ; whereas, on the cqnlrar)-, it in pro. 
duccd by its rariiy or liglitneas ( which, remiering its im- 
pressions weakcv on our bodies, and nut sufHcli^nt to couii- 
tct the spring' of ihe air within them, the blood vessels 
' a become rein sed ; but wheatUcMWTtioitijEass-i 
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I fflmutes before lie uansits or 
aliovc the horizon; but wlien it is 
above-six minutes — the time (liiFcring ac« 
to the density ; which cliiFcrence, from thi 
rare state, is found to be about four ml 
We also see the image of tlie moon abou 
minutes before she actually transits our hi 
in the densest state of the atmosphere. 

160. The sun's meridian altitude, on dif 
est day, decreases from the tropic of Cs 
the north pole ; and in the torrid Kone, wl 
Bun is vertical, there is no refraction ; hem 
refraction is the least in the torrid xone, ■ 
greatest at the poles.* 

161. Angle of position, between two pla 
the terrestrial globe, is an angle at the zci 
one of tiie places, formed by the brass me 
and the quadrant of altitude passsing throu] 
other place, and is measured on the horizoi 

163. Rhumbs are the divisions of the ho 
into thirty-two parts, called the points of the 
pass. A rhumb line is a spiral curve, drai 
supposed to be drawn upon the earth, so as 
each meridian at the same angle, called the 
angle of the rhumb. If this line be contini 
will never return into itself, so as to form a 
except it happen to be due cast and west, o 
north and south ; and it can never be a righ 
upon any map, except the meridians be pi 
to each other, as on Mercator's and the 
charC 

LH 15 always the ease wlion we ace the rapoHrs ajid 
buoyed up by it, its wirip^lit and claicicity, balancing 
tcrnal air, braces up the whole system aiMl makes 
lipht Mid spri^hlly.— Miia. Bvbhc. 

• Varenins, in bis ftoOffraphy, speatingof the wints 
the Diileh in Xova Zembla, latitude 76° noKh, A. D, 
sayi, they HiwtheBiiii.in the year 1597, 
tti^^l "■ 
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IGo. Aoalemma. What is called the aaalein- 
tna, on the globe, is a Darrow slip of paper, ihp 
length of which is equal to the bieadili of ihe tor- 
rid zone. It is pasted on some vacant plac 
the globe, in the tortjd zone, and is divided into 
months and davs of mouths, correspondent to tl 
sun's declination for every day in the year. It 
divided into two parts ; the right hand part begin 
nt the winter solstice, or December 21st, and ii 
reckoned upwards towards the summer solstici 
or June 21st, where the left hand part begins, whic 
is reclcaned downwards^ in a similar manner, 1 
wards the winter solstice. 

1G4. The figure of the earth, as composed c 
land and water, is nearly spherical. The onl_ _ 
certain conclusion that can be drawn from ih«] 
■works of the several gentlemen who have I 
employed to measure the earth, is that " the e; 
is something more- flat at the poles, than at 
equator." The equinoctial diameter of the e 
is about thirtj--four miles longer than the poIa| 
diameter. 

165. What the earth loses of its sphericity b 
mountains and vallies, is very inconsiderable^^] 
Chimboraco, one of the Andes 
highest in the world, is about twenty thousand 
BIX hundred and eight feet, or nearly four mile* 
high, which elevation, if represent 
ecn inch globe, would be less in height than a 
grain of sand, 

166. The celestial globe is an artificial repi 
Eentation of the heavens, on which the stars i 
laid down in their natural Bituations. The diut^ 
nal motion of this globe is from east to west, a 
represents the apparent diurnal motion of the si 
moon, and stars. In using this globe, the studeE 
is supposed to be situated in the centre of i.t^ ; 
viewing the stars in the concave suriate.—^X^-^ 
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167. The ecliptic is a great circle iafvhich the 
sun makes his apparent progress among the fixed 
stars.*— [Vide Def. 61.] 

168. Tke zodiac on the celestial globe is a space 
which extends about eight degrees on each side 
of the ecliptic, like a belt or girdle, vrithin which 
the motions of all the planets (except the newly 
discovered planets or Asteroids) are performed.-— 
[Fig. 3.] 

169. Latitude of a star or planet, on the celes- 
tial globe, is its distance from the ecliptic, north- 
ward or southward, counted towards the poles of 
the ecliptic, on the quadrant of altitude. — [Fig. 3.] 

170. The greatest latitude a star can have is 
90°, and the greatest latitude of a planet is nearly 
8°. The Asteroids, Ceres, Pallas, and Juno, do 
not appear to be confined within these limits. 

171. Longitude of a star or planet is reckoned 
on the ecliptic from the point Aries, eastward, 
round the globe. The longitude of the sun is 
continually changing, and is what is called the 
sun's place on the terrestrial globe. 

172. Almacanters or parallels of altitude are 
imaginary circles parallel to the horizon, and serve 
to shew the height of the sun, moon, and- stars. 
These circles are not drawn on the globe, but they 
may be described for any latitude, by the quad- 
rant of altitude. 

173. Parallels of celestial latitude are small 
circles drawn on the celestial globe, parallel to the 
ecliptic. — [Fig. 3.] 

174. Parallels of declination are small circles, 
drawn parallel to the equinoctial, on the celestial 

• The sun's apparent diurnal path is either in the equinoc- 
tial, or in lines nearly parallel to it, and his apparent annual* 
path may be traced in the heavens, by observing- what partic- 
ular constellation in the zorliac is on the meridian at midnight; 
the opposite constellation will shew, very nearly, the snn's 
place 4t noon, on the same day. 
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^lolie, and are similar to the parallels of latitude 
on ilie terrcstri»l g!obe< 

175. The coKirts are two great circles passing 
through the poles of the world ; one of thi'm passes 
through the equinoctial points, Aries and Libra j 
ihe other thiough ihc solstitial points, Cancer and 
Capricorn : hence, they are called the equinoctial 
and solstitial colures. They divide tht ecliptic 
into four equal parts, and mark the four seasons 
of the year. — [Fig. 7.] 

176. Azimuth or vt-rtical circles are imaginary 
great circles passing through the zenith and nadir, 
cutting the horizon at right angles. The altitudes 
of the heavenly bodies are mtasorcd on these cir- 
cles, whieh may be represented by screwing the 
quadrant of altitude on the zenith of any place, 
and making the other end move along the wooden 
horizon of the globe. 

177. The prime vertical is that azimuth circle 
which passes through the east and west points of 
the horizon, and is always at right angles with the 
brass meridian, which may be considered as an- 
other vertical circle, passing through the north and 
south points of the horizon. 

178. Parallax is the difference between the true 
altitude of the sun, moon, or a star, if it were ob- 
served at the centre of the earth, and the apparent 
altitude observed at the same instant by a specta- 
tor at any point on the surface of the earth. Par- 
allax makes objects appear lower than they really 
ore; it is greatest at the horizoo, and decreases 
from thence to the zenith, where it is nothing. 

1 79. The altitude of any object in the heavens, 
is ati arch of a vertical circle, contained between 
the centre of the object and the horizon. When 
the ol^ect is on the meridian, this arch is called 
the meridian altitude. 
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180. The zenith distance of any celestial objet 
is the arch of a vertical circle, contained betwecl 
the centre of that object and the zenith ; or it il 
■what the altitude of the object wants of 9Cft 
When the object is on the meridian, this arch i 
called the meridian zenith distance. 

181. The polar distance of any celestial object 
is an arch of a meridian contained between th<| 
centre of that object, and the pole of the cquinoo; 
tial. 

IS2. The amplitude of any object in the heav^ 
ens is an arch of the horizon, contained betweei 
the centre of the object when rising or setting, an 
the east or west points of the horizon. The bu 
never rises exactly in the east nor sets exactly i 
the west, except at the time of the equinoxes. 

183. The azimuth of any object in the heaveiM 
is an arch of the horizon, contained between i 
vertical circle, passing through the centre of thi 
object and the north or south points of the ho^ 
zon. The azimuth of the aun, at any particular 
hour, is used at sea for finding the variation d 
the compass. 

184- Hour or horary circles are the same ai 
meridians. They are drawn through every 15°* 
of the equator, each answering to an hour; con 
aequently, every degree of longitude answers t 
four minutes of lime, every half degree to tw< 
minutes, and every quarter of a degree to one min' 
ute. On the globes, these circles are supplied bj 
the brass meridian, the hour circle, and its inden 

185. The six o'clock hour line. As the meri- 
dian of any place, with respect to the aun, is call- 
ed the 1 2 o'clock hour circle ; so that great circle, 
passing through the poles, which is 90° distani 
from it on the equator, is called by astronomei 
•Oh Gary's globcsi llie mei-idians are drawn tlirougl 



the 6 o'clock hour line. The sun and stars arc 
on the eastern half of this line, six hours before 
they come to the meridian ; and on the western 
half, six hours after they have passed the meri- 
dian. 

186. The culminating point of a star or planet, 
is that point of its orbit which, on any given day, is 
the most elevated. Hence s star or plantt is said 
to culminate, when it comes to the meridian of 
any place ; for then its altitude, at that place, is 
greatest. ,-j 

187.. The right ascension or the sun or a star, 
is that degree of the equinoctial which rises with 
the sun or a star, in a right sphere, and is reck- 
oned from the equinoctial point Aries, eastward, 
round the globe. 

188. Oblique ascension of the sun or a star, is 
that degree of the equinoctial which rises with the 
sun or a star, in an oblique sphere, and is likewise 
counted eastward from the point Aries, round the 
globe. 

1 89. Oblique deacension of the sun or a star, is 
that degree of the equinoctial which sets with the 
sun or a star, in an oblique sphere. 

190. Ascensional or Descensional difference, is 
the difference between the right and oblique as- 
cension, or the difference between the right and 
oblique descension, and with respect to the sun, 
it is the time he rises before 6 in the summer, or 
sets htforc 6 in the winter. 

191. The fixed stars are so called, because they 
have usually been observed to keep the same dis- 
tance with respect to each other. 

192. The fixed stars have an apparent motion 
from east to west, in circles parallel to the equi- 
noctial, arising from the revolution of the earth 
from west to east ; and on account of the preces- 
sion of the equinoxes, their longitudes increase 
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about SOI seconds in a year ; this likewise^causes 
a variation in their declinations and right ascen- 
sions: their latitudes are also subject to a small 
variation. 

193. The precession of the equinoctial points 
has occasioned an apparent advance of the fixed 
stars, in their longitude, of about 50J seconds per 
year; from whence it follows, that since the time 
of Ptolemy, in the infant state of astronomy, the 
zodiacal figures or constellations have moved for- 
wards about one If'^ole sign, as shewn on the ce- 
lestial globe, the constellation Aries being situated 
in that part of the ecliptic named Taurus, Tauriis 
in Gemini, &c. Hence the stars that used to rise 
and set at particular seasons of the year in the 
times of Hesiod, Eudoxus, Virgil, Pliny, &c. at 
present, will have a manifest difierence in respect 
to time. In the time of Hipparchus, who made 
his observations lx:twecn one hundred and sixty, 
and one hundred and thirty-five years before 
Christ, the equinoctial colure is supposed to have 
passed through the middle of the constellation 
Aries. 

1 94. The poetical rising and setting of the stars^ 
so called because they are noticed by the ancient 
poets, who referred the rising and setting of the 
stars to the sun. When a star rose with the sun, 
or set when the sun rose, it was said to rise and 
set cosmically ; when a star rose at sunsetting-, 
or set with the sun, it was said to rise and set 
ackronically ; when a star first became visible in 
the morning, after having been so near the sun as 
to be hid by the splendor of his beams, it was said 
to rise heliacally ; and when a star first became 
invisible in the evening, on account of its nearness 
to the sun, it was said to set heliacnlly. 

195. A constellation is an assemblage of stars, 
on the surface of the celestial globe, circumscribed 
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by tlie outlines of some assumed figure, as a ram, 
a dragon, a bear, See. This division of the stars 
into constellations is necessary, in order to direct 
the eye to any part of the heavens where any par- 
ticular star is placed* 

196* The following tables contain all the con- 
stellations on the New British Globes. The north- 
ern are, in number, 34; the southern, 47 ; the 
zodiacal, 12; amounting in the whole to 93 con- 
stellations. The largest stars are csilled stars of 
the first magnitude ; those of the next size are 
called stars of the second magnitude ; and they are 
thus distinguished, numerically, down to the sixth* 
Stars of the sixth magnitude are the smallest that 
can be seen by the naked eye. All stars that can- 
not be seen without the assistance of the telescope,, 
are called telescopical stars. 



' CONSTELLATIONS IN THE ZODIAC. 







JVb. of 


JVamea ofpmt* 




CorutellationB* 


start. 


cipal stara. 


1 


Aries^ the ram. 


66 


Arietis, 2. 








CAldabaran, 1. 


2 


Taurus, the bull, 


141 


<The Pleiades,. 
CThe Hyades. 


3 


Gemini,^ the twins. 


85 


Castorl Pollux2. 


4 


Cancer, the crab. 


83 




5 


Leo, the Lion, 


95- 


Regulus, 1. 


6 


Virgo, the virgin. 


110 


CSpica, 1. 
iVindemiatrix,2" 


7 


Libra, the balance. 


51 




8 


Scorpio, tl\e scorpion. 


44 


Antares, I. 


9 


Sagittarius, the archer. 


69 




10 


Capricornus, the goat, 


51 




11 


Aquarius, the water-bearer. 


108 


Scheat, 3. 


12 


risees, the fishes. 


113 
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Canilellalions. 


Ab. of 




Mom MensK, 
Cela Sculp to rii, 
Equ ulcus Pictorius, 
Dorudo or XipUiita, 
Avgo N.vi,, 
PiBcisVoUiiB, 
Kobur Caroli, 


30 
16 

e 

6 
64 

8 
12 


Canopus, 1 



k 



197. The magnitude of the fixed stars will 
probalily forever remain unknowD; all the knowl- 
edge of their size that we can have any reason to 
expect, is an approximation founded on conjec- 
ture. It has been concluded from a comparison 
of the light afforded by a fixed star, and that of 
the aun, that the stars do not materially difTer, ia 
magnitude, from the sun. The different apparent 
magnitudes of the sun is supposed to arise from 
their different distances ; for the fixed stars are 
not placed in a concave hemisphere, as they appear 
in the heavens, or in a convex surface, as they 
are represented on a celestial globe, 

198. The distances of the fixed stars are so 
immensely great, that it is impossible for them to 
shine by the light of the sun reflected from thciU 
surfaces ; they must therefore be of the same na- 
ture with the sun, and, like him, shine with their 
own light, being suns to systems of worlds, to uB 
invisible. Sirius, the nearest of the fixed stars, 
is two billions, two hundred thousand millions of 
miles from our earth. A cannon ball discharged 
from the earth, moving at the rate of 480 miles an 
hour, would not arrive at it in a less time than 
r0O,000 years. 

199. The number of fixed stars is beyond all 
human powers of computation. Those which 
may be seen by the naked eye, however, are about 
3000; comprehending all the stars from the first 
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to the sixth magnitude. But a good telescope^ 
directed almost indiftcrently to any point in the 
heavens, discovers multitudes of stars, whicb^ 
without it, would be invisible- 

200. Galaxy, via lactea, or milky way, is a 
whitish luminous tract which seems to encompass 
the heavens like a girdle, of a considerable, though 
unequal breadth, varying from 4 to 20**. It is 
composed of an infinite number of small stars, 
which, by their joint light, occasion that confused 
whiteness which we perceive in a clear night. 

201. The milky way may be traced on the 
celestial globe, beginning at Cygnus, through Ce- 
pheus, Cassiopeia, Perseus, Auriga, Orion's club^ 
the feet of Gemini, part of Monoceros, Argo 
Navis,Robur Caroli,Crux, the feet of the Centaur, 
Circinus, Quadra Euclidis, and Ara — here it is 
divided into two parts ; the eastern branch pass- 
es through the tail of Scorpio, the bow of Sagitta- 
rius, Scutum Sobieski,the feet of Antinous, Aquila, 
Sagitta, and Vulpecula ; the western branch passes 
through the upper part of the tail of Scorpio, the 
right side of Serpentarius, Taurus Poniatowski, 
the Goose, and the neck of Cygnus, in the body 
of which constellation, it meets and unites with 
the eastern branch. 

202. Nebulous, or Cloudy, is a term applied to 
certain fixed stars, smaller than those of the sixth 
magnitude, which only shew a dim, hazy light, 
like little specks or clouds. It may be further 
remarked, that the milky way is a continued as- 
semblage of Nebulae. In some of the spaces 
termed Nebulous, no stars appear. 

203. Magellanic clouds are whitish appear- 
ances like clouds, seen in the heavens towards the 
south pole, and having the same apparent motion 
as the stars. They are three in number, two of 



^ 



I 



46 

them near each other. The largest lies at a con- 
siderable distance from the south pole, but the 
other two are not many degrees more remote from 
it than the nearest conspicuous star, that is, about 
11°. They are now supposed to be Nebulae of 
small st.irs, like the milky way. 

204. Bayer's characters, John Bayer, of Augs- 
burg, in Swabia, published, in 1603, an excellent 
ivork, entitled Uranometria, being a celestial atlas 
of all the constellutions, with the useful invention 
of denoting the stars in every constellation, by the 
letters of the Greek and Roman alphabets ; set- 
ting the first Greek letter («) to the principal star 
in each constellation, (,a) to the second, (y} to the ' 
third, and so on ; and when the Greek alphabet 
was finished, he began with a, 6, c, &c. of the 
Roman. This useful method has been followed 
by all succeeding astronomers, wli'o have farther 
enlarged it, by adding the numbers 1, S, 3, S 
when any constellation contains more stars than 
can be marked by the two alphabets. The figui 
are, however, sometimes placed over the Cireek 
letter, especially where double stars occur; f 
though many stars may appear single to the naked 
eye, yet, when viewed through a telescope of con- 
siderable magnifying powers, they appear double, 
triple, &c. Thus, in Dr. Zach's TabuliK motuum 
Solis, we meet with (_f) Tauri, (f3) Tauri, (y) 
Tauri, C^) Tauri, (^h) Tanri, he. 

305. As the Greek characters so frequenilv 
occur in catalogues of stars, and on the celestial 
globe, the Greek alphabet is here inserted, for the 
use of those who are unacquainted with the let- 
ters. The capitals are seldom used by astrono- 
mers, but are here given for the sake of regulariiv. 
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jFVfwrff. 




Name, PoroeT or sound. 


A A 


''AX<^« 


Alpha 


a 


B fi C 


Bl»TOt 


Beta 


b 


T y r 


TdjUfxa. 


Gamma 


& 


A <r 


AiKTtt 


Delta 


d 


E f 


'E4/X0l^ 


Epsilon 


e short 


Zf f 


ZitTat 


Zeta 


z 


H » 


*HTflt 


Eta 


e long 


3-8 


©MTflt 


Theta 


th 


1 1 


*IWTOt 


Iota 


1 


K X 


Kflt^^A 


Kappa 


k c 


A A 


AdfA^i^A 


Lambda 


1 


M fA. 


MS 


Mu 


m 


N V 


No 


Nu 


n 


H? 


El 


Xi 


X 


O 


*0/*/xgoy 


Omicron 


o short 


n fly ^ 


nX 


Pi 


P 


p g p 


•p« 


Hho 


r 


2 C «■ c 


^y/uA 


Sigma 


s 


T t7 


Tflto 


Tau 


t 


T V 


Y4''^oir 


Upsilon 


u 


« <^ 


«l 


Phi 


ph 


X a: 


XI 


Chi 


ch 


^-1 


>ri 


Psi 


ps 


ft eo 


*ft/Ml><t 


Omega 


o long 



^06. Planets are opaque bodies, similar to our 
earth, which move round the sun in certadn peri- 
ods of time. They shine not by their own light, 
but by the reflection of the light which they re- 
ceive from the sun. The planets are distinguished 
into primary and secondary. 

207. The primary planets regard the sun as - 
the centre of their motion. There are eleven 
primary planets, distinguished by the following 
characters and names : S Mercury, 9 Venus, © 
the Earth, % Mars, Ceres, Pallas, Juno, Vesta, 
y, Jupiter^ h Saturn, W Georgium Sidus or Her- 
scfael. 
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208. Since the Ist of Januarj-, 1801, four nc 
planeiary bodies have been discovered, betwei 
the orbii3 of Mars and Jupiter, to which the nam 
Ceres, Pallas, Juno, and Veata have been give 
They arc apparently at such equal distances fro 
the sun, that it is not yet decided with certaint 
which of them is the nearest or the most remot 
Their orbits are not confined within the limits ( 
the zodiac. Neither of them is visible to the n 
ked eye, or appears, through a telescope, lafg 
than 3 star of the fifth magnitude. They are go 
crally called Asteroids. 

209. Thesecondary planets, satellites or mooa 
regard the primary planets as their centres of cM 
tion ; thus, the moon revolves about the card 
the satellites of Jupiter move round that pis 
&e. There are eighteen secondary planets. Th 
Earth has one satellite, Jupiter four, Saturn seven, 
and the Georgium Sidus six satellii 

210. Theoriiitof aplanet is the imaginary path 
which it describes round the sun. The earih'f 
orbit is represented by the ecliptic. 

21 1. Nodes arc the two opposite points, wheiv. 
the orbit of a planet seems to intersect the esJi " 
tic- The node in which the planet appears 
ascend from the south to the north side o£ ' 
ecliptic, is called the ascending Node, and is oaa: 
ed thus, ii i and the opposite point, where the 
planet appears to descend, from the north to the 
south side of the ecliptic, is called the descending 
Node, and is marked thus, y. 

212. Aspect of the stars and planets is their 
situation with respect to each other. There are 
five aspects, viz. o Conjunction, when they are in 
the same sign and degree ; if. Sextile, when they 
we two signs or a sixth part of a circle distant j 
P Quartile, when they are three signs, or a fourth 

part of a circle from each other ; A Trine, when 
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they arc four signs or a third part of a circle from 
each other ; S Opposition, when they are six signs 
or half a circle apart. 

213. The conjunction and opposition (particu- 
larly of the moon) are called the Syzygiesj and 
the Quartile aspect, the Quadratures. 

214. Direct. A planet's motion is said to be 
direct, when it appears, to an observer on the 
earth, to go forward in the zodiac, according to 
the ordtr of the signs. 

215. Stationary. A planet is said to be sta- 
tionary, when, to an observer on the earth, it ap- 
pears for some time in the same point of the 
heavens. 

216. Setrograde, A planet Is said to be ret- 
rograde, when it apparently goes backward, ot 
contrary to the order of the signs. 

217. Digit. The twelfth part of the sun's or 
moon's apparent diameter. 

218. Disc. The face of the sun or moon, such 
as it appe.ir3 to a spectator on the earth; for 
though the sitn and moon be really spherical bod- 
ies, they appear to be circular planes. 

219. Geocentric latitudes and longitudes of the 
planets, are their latitudes and longitudes, as seen 
from the earth. 

220. Heliocentric latitudes and longitudes ol 
the planets, are their latitudes and longitudes, as 
they would appear to a spectator situated in the 

221. Apogee, or Apogextm, is that point in the 
orbit of a planet, the moon. Sec. which is farthest 
from the earth. 

222. Perigee, or Perigeum, u that point in the 
orbit of a planet, thu moon, &*. which is nearest 
to the earth. 

123. Aphelion, or Aphelium, is that point in the 
ti of the earth, or of any otVitt ■^\«att^'«\i!^ 







U farthest from the sun. This point is called the 
higher Apsis. 

224. Perihelion, or Perihtlium, is that point in 
the orbit of the earth, or of any other ptaDCt, 
which is nearest to the sun. This point is caUed 
the lower Apsis. 

225. Line of the Apsides, is a straight line join' 
ing the higher and lower apsis of a planet, viz. i 
line joining the Aphelium and Perlhelium. 

226. Eccentricity of the orbit of any planet, 
the distance between the sun, and the centre 
the planet's orbit. 

227. Occultatiaii is the obscuration, or hidio i 
from our aight,of any star or planet, by the ln[erpQ<i 
sition of the body of the moon, or any other plant 

228. Transit is the apparent passage of ai . 
planet over the face of the sun, or over the face 
of any other planet. Mercury and Venus, in their 
transits over the sun's disc, appt^ar like dark 
specfcs. Transit is also the passage of the sod, 
moon, or any other planet, over the meridian, ho-; 
rizon, or some other line or circle of the heavensi 

229. Eclipse of the sun is an occuUation of pari 
of the disc of the sun, occasioned by an iuterpg< 
sition of the moon, between the earth and the auo^ 
consequently, all eclipses of the sun happen at ^ 
time of the new moon. Sometimes the wholiE 
disc is hidden, and then the eclipse is said to I 
total. 

230. Eclipse of the moon is a privation of l1 
light of the moon, occasioned by the interpositiot 
of the earth, between the sun and ihe moon 
scquently, all eclipses of the moon happei 
she is full. , 

231. Elongation oi A planet is the angle forme* 
by two lines drawn from the earth, ihe one lu tlii 
sun and the other to the planet. It is ihe appjt' 

rent distance of a plunet[iom\.Ke^\iTi,^6i;':Q from 
I the earth. 



h is ihe arch described by tlie 
sun, moon, or stars, from their rising to iht'ir set- 
ting. The sun's semi-diurnal arch it that which 
he describes in half the length of a day. 

233. Nocturnal arch is the arch described by 
the sun, moon, and stars, from their selling to 
their rising. 

234. Aberration is an apparent motion of llie 
celestial bodies, occasioned by the earth's annual 
motion in its orbit, combined with the progressive 
motion of light. 

235. Centripetal force is that force with which 
a moving bodv is perpetually urged towards a 
centre, and made to revolve in a curve, instead of 
proceeding in a right line ; for all motion is nat- 
urally rectilin^'ar. Centripetal force, attraction, 
and gravitation are terms of the same import. 

236. Centrifvgal force is that force with which 
a body, revolving about a centre, or about another 
body, endeavours to recede from that centre or 
body. There are two kinds of centrifugal force, 
viz. that which is given to bodies, moving round 
another body as a centre, usually called the pro- 
jectile farce ; and that which bodies acquire by 
revolving upon their own axes. Thus, for exam- 
ple, the annual orbit of the earth round the sun, 
is regulated by the action of the centripetal and 
projectile forces; and the diurnal rotation of tJie 
earth on its axis, gives to all its parts a ccnLilfu- 
gal force, proportional lo its velocity. 

237. The orbit of the earth, and of die other 
planets, is not a circle, but is of an eliptlcat form, 
having the sun in one of its foci* — nor is the mo- 

• To underitand the true meaning- of Ihe term fid, a 
knowledge of Geometry asd Conic Sections ia iiEccadsry. li 
will be lufficlent, in iliin plnce, for tlie young pupil to know, 
that if a. Ihreii), with its ends united, be laid on a piece ef 

■r, and two piriB be fised at anv distance on h line, wii.hiii 
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lion of the earth iu its orbit unit'orni ; for it is 
about eight days longer in its nphclion, than 
its perihelion; yet its maiion is regulated by a 
certain immutable law, from which it never den- 
aies ! which is, that a line drawn from the centtS' 
of the sun to the centre ot the earth, being carried, 
about with an angular motion, describes an elltp" 
Ileal area, proportional to the time in which that 
area is described, viz. if the times in which the 
earth moves from A to E*, from E to D, and from 
L) to B, be equal, then the areas or spaces A S E, ~ 
S D, and D S B, will all be equal. The motion 
of the earth is sometimes quicker, and sometiniei 
slower in moving through equal parts of its orbit: 
for when the earth is at A, in winter, the sun at>. 
tracts it more strongly, and therefore the 
is quicker than any where else ; when it is at 
in the summer, it is least affected by the suo's 
traction, and, consequently, the motion is thcc^ 
slower than in any part of its orbit ; for the power 
of gravity decreases as the squares of the distances 
increase : besides, it is evident from the construe-' 
tion of the figures, that, if the space A S E 1*64 
described in the same time with the space B S D,, 
the arch A E will be greater than the arch B D. 
All the other planets move in a similar manner^ 
in elliptical orbits, and their motions, times, 8ie. 
are regulated by the same law which regulates 
those of the earth. 

238. Systems — the Ptolemaic. In the Ptole- 
maic system, the earth is supposed to be at rest 
in the centre of the universe, while the heavens 
are considered as revolving about it, from east to 

I he thread, — then, if he take a pencil, and move it rnund ihe 
pins, iO HS to keep ihe thread liilly stretched, Ui ellipsis w!lt 
he formed, of which, the p'litits where (he piiii were fixed, 
will he the /ori- 

• See Fig. 4. - 



west, in tweniy-four hours, and carrying with them 
all the stars and planets. 

239. The Tychonic system was invenled and 
taught by Tycho Brahe, a Dane. It supposes 
thai the earth is fixed in the centre of the universe, 
or lirmament of stars ; and that all the stars and 
planets revolve around the earth in twenty-four 
hours. But it differs from the Ptolemaic system, 
as it not only allows a monthly motion to the moou 
round the earth, and that of the satellites round 
Jupiter and Saturn, in their proper periods : but 
the sun is, in this system., considered as the cen- 
tre of the primary planets, which, in their orbits, 
are carried round the sun in their respective years, 
as the aun revolves round the earth in a solar 
year ; and all these planets, with the aun, are sup- 
posed to move round the earth in twenty-four 
hours. This hypotliesis. embarrassed and per- 
plexed with so many obviously contradictory aupr 
positions, gained but few advocates. 

340. The Cartesian system was invented by- 
Rene Descartes, a learned Frenchman, who flour- 
ished in the seventeenth century. He maintained 
the elements of all matlertq be indivisible atoms. 
He made a small improvi-ment on the systems of 
the ancients, by alleging that these atoms are not 
all alike, or of the same magnitude. He attri- 
buted to each atom a particular motion 0:1 its own 
axis, and to the whole universe of atoms, a gen- 
eral motion round a common centre, as in a vortex 
or whirlpool. He asserted that the most rare 
particles of matter collected in the middle of the 
system and formed the sun. In addition to this 
general and common vortex, he assigned to each 
primary planet and its satellite, an appropriate and 
subordinate vortex, which occasioned the revolu- 
tion on its own axis. " tn short" says an ingen- 
ious investigator of this system, " (he wordwrieXv 
5* 
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in the hand of Utscartcs, was 3 key to unlock all 
ihc secrcta of nature." But this hypolhesis han 
long been cond<;miied as unphilosophicat, false, 
and visionary ; and has, with the inventiona of 
Ptolemy and Tycho, given place to the Copenti* 
can or true Solar system.* 



GEOGRAPHICAL THEOREMS. 

241. The latitude of any place is equal to the 
elevation of the polar star, (nearly) above the ho- 
rizon, and the elevation of the equator above the 
horizon is equal to the complement of Utitudc, 
or what the latitude wants of 90°. 

24-2. All places under the equinoctial, or on 
the equator, have no latitude, and all places sit- 
uated on the first meridian have no longitude; 
consequently, that particular point on the globei 
where the first meridian intersects the equatorj 
has neither latitude nor longitude. 

243. The latitudes of places increase, as AlS^. 
distances, from the equator, Increase. The 
est latitude a place can have is 90°. 

244. The longitudes of places increase, as thell 
distances, from the first meridian, incrcase^reclc- 
oned on the equator. The greatest longitude 
place can have is 180° — being half the circumS 
rence of the globe at that place : hence, no tW] 
places can be at a greater distance from each otl 
than 180°. 

245. The sensible horizon of any place change* 
-- often as we change the place itself. 

246. All countries upon the face of the earth, 
in respect to time, equally enjoy the light of thi 
sun, and are equally deprived of the benefit of it j 



* See page 58. 
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that is, every inhabitant of the earth has ihe aun 
above bis horizon for six months, anJ below his 
horizon for the same length of time.* 

247. In all places of the earth, except exactly 
under the poles, the days and nighta are of an 
equal length, viz. twelve hours each — when the 
sun has no declination; that is, on the 31st of 
March, and on the 23d of September. 

346. In all places situated on the equator, the 
days and nights are always equal, notwithstanding 
the alteration of the sun's declination from north 
to south, or from south to north. 

249. in all places, except those upon the equa* 
tor, or at the two poles, the days and nighta arc 
never equal, but when the sun enters the signs 
of Aries and Libra, on the 21st of March and the 
23d of September, 

230. In all places lying under the same parallel 
of latitude, the days and niglits, at any particular 
time, arc always equal to each other. 

• Tills, though nearly true, is not exactly bo. Tlie refrac- 
tion in liigli latitudes is very considerable, and near the poles, 
the lun will be seetj for several days before be transits ibe 
horizon 1 on^ he will, for the aame reason, be seen fi.r ser- 
ersl dayi afier he haa descended below the hariion. The 
inhabituits of Ihe polei, if any, enjuy a very Ffcat degree of 
iwilif hi ; ilie sun being nearly two months before he retreats 
18° below the horiion, orto Uie point where his rays are first 
admitted into the atmosphere -, and he is only two months 
more before be arrives M the same parallel oflalitude ; and 
particularly near the north pole, the light of the iiiaon it 
greUlyincreasedby the reflection of the snow and the bright- 
ness of the Aurora Borealis ; Uie sun is likewise about seven 
Jays longer in pasainff through the northern than the south- 
ern signs J that is, from the vernal eqninoii, which happens 
□n ihe 21sL of March, tn the auluninal eijuinoi, which falls 
on the 23d of September, being Ihe summer halfyear to the 
intiabitants of north latitude, is one hundred and eigrbtj-sij 
[!ayB I the winter half year is therefore only one hundred and 
aerenty-ninedays. The inhabitanls near the north pole have, 
tonsequenlly, mote light in the course of a year, than any 
"ther inhabitants onlheaurfucc of the gtdUc. 
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251. The increase of the longest days from the 
equator, northward or southward, does not bear 
any certain ratio to the increase of latitude ; if ih« 
longest days increase equally, the latitudes increase 
unequally. This is evident from the tablu of dt> 

252. To all places in the torrid zone, the morn- 
ing and evening twilight are the shortest ; to ill 
places in the frigid zones, the longest ; and to all 
places in the temperate zones, a medium betwceo 
the other two. 

253. To all places lyingwithin the torrid zone) 
the sun is vertical twice a year; to those luider 
each tropic, once ; but to those in the temperate 
and frigid zones, it is never vertical. 

254. At all places in the frigid zones, the sun 
appears every year, without setting for a certaii 
number of days, and disappears for neaHy |he 
game space of time : »nd the nearer the place is ta 
the pole, the longer the sun continues without set 
ting, viz. the length of the longest days and nightl 
kicreaaes, the nearer the place is to the pole. 

255. Between the end of the longest day, anS 
die beginning of the longest night, in the frigid 
zone, and between the end of the longest nigbtj 
and the beginning of the longest day, the sun riaiei 
and sets as at other places on the earth.. 

256. At all places situated under the arctic (S 
antarctic circles, the sun, when he has 23" 38' dec* 
lination, appears for twenty-four hours without 
setting ; but rises and sets at all other limes of dlf 
year. 

257. At all places between the equator and the 
north pole, the longest day and the shortest night 
are when the sun has 23° 28', the greatest north' 
ern declination; and the shortest day and the 

. longest night are when the sun has an equal de- 
I grce of soutli declination. This theorem, if ih* 
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terms are reversed, is applicable to the days and 
nights in the southern hemisphere. 

258. At all places situated on the equator, the 
shadow of an object at noon, placed perpendicu- 
larly to the horizon, falls towards the north dur- 
ing one half of the year, and towards the south, 
(luring the other half; except when the suu is in 
the equinoctial points, when no shadow is pro- 
jected either way. 

259. The nearer any place is to the torrid zone, 
the shorter the meridian shadow of olyects will 
be When the sun's altitude, is 45°, the shadow 
of any perpendicular object is equal to its height. 

260. The farther any place, situated in the 
torrid or temperate zones, is from the equator, 
the greater will be the sun's rising and setting 
amplitude. 

261. All places situated under the same meri- 
dian, so far as the globe is enlightened, have noon 
at the same time. 

262. If a ship set out from any port, and sail 
round the world, eastward, to the same port again, 
■he people in the ship, in reckoning their time, 
will gain one compk-te day at their return, or count 
one day more than those who reside at the same 
port. If they sail westward, they will lose or 
reckon one day less. 

263. To illustrate this, suppose the person who 
travels westward should keep pace with the aun, 
it is evident he would have continual day during 
his tour round the earth ; but the people who re- 
mained at the place he departed from have had 
night in the same time, consequently, they reckon 
a day more than he does. 

264. Hence, if two ships should set out at the 
sametime.from any port, and sail round the globe, 
the one eastward and the other westward, so as 
t^meet at the same port, on any day whatever. 
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they will differ two days in their reckoning, 
their return. If they sail twice round, they wi 
dijfer four days ; if thrice, six days, &c. 

265. But if two ships should set out at tl 
same time, from any port, and sail round 
world, northward or southward, so as to meet 
the same port, on any day whatever, they will ni 
differ a moment in their time, nor from those who 
reside at the port. 



BRIEF ACCOUNT OF THE SOLAR SVSTE4I. 

266. The solar system is so called, because iht 
BUn is supposed (o be in a certain point, termed 
the centre of the system, having all the planets 
revolving around it at different distances, and in 
different periods of time — this is likewise calltd 
the Copernican system, from Nicholas Coperni- 
cus, a native of Thorn, in Prussia, and is the 
Pythagorean system revived and established.* 

267. The sun Js situated near the centre of ifce 
orbits of all the planets, and revolves on its ax'n 
in twenty-five days, fourteen hours, eight niinute«< 
The sun is likewise agitated hy a small motion 
round the centre of gravity of the Solar system, 
occasioned by the various attractions of the 8U^ 
rounding planets. 

*Tlie great nncient Pliilosupher, PyihagOfas, w^ajtait 
■bout five hundred and ninety ytiurs bcttu'e Clirigl. His fiA- 
et'e principal residence was at SiLmns; but, being' a travelllt^ 
merchant, his son Pjlhagoras wna born at Sidim, in Syri*. 
He discorered and maintained the true system of the worUi 
vhlch places the sub in the centre, and makes nil tbeplaD- 
Ml revolve nround him. Thiisv^tdii revived byCopernicai 
and established by Uulileii, NeH-ton, kud atlier leurncd mod- 
«rn sages, is now universally received as true, since it is llit 
only one that can be broug-htlo beftrthetest of mathemaiioil 
auslj'sis and demonairalinn. 
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2G8. As the sun revolves on an asis, his figure 
is supposed to be not exactly in the form of a 
globe, but a little fl:ittcnt;d at the poles. His axis 
makes an angle of about 8°, with a perpendicular 
to the plane* of the earth's orbit. 

269. As the sun's apparent diameter is longer 
in December than in June, it follows, that our 
earth is nearer to it in winter than in summer ; 
for the apparent magnitude of a distant body di- 
minishes as the distance increases. This circum- 
stance also proves that the orbit of the earth is 
elliptical, the sun being in one of the foci. 

270. The mean apparent diameter of the sun is 
32' 2" ; hence, taking the distance of the earth 
from the sun to be ninety-five millions of miles, 
its real diameter will be eight hundred and eighty- 
three thousand miles. The sun is more than a 
million times larger than the earth. 

271. The earth is farther from the sun in sum- 
merthan in winter. To the question why our win- 
ters are colder than our summers, it may be 
answered, that our summer is hotter than our 
winter, first, on account of the greater height to 
which the sun rises above our horieon, in the sum- 
mer ; secondly, the greater length of the days. 
The sun is much higher at noon, in the northern 
hemisphere, than in winter; and, consequently, 
as his rays are less oblique, than in winter, more 

- of them will fail on the surface of the earth. In 
the summer, the days are very long and the nights 
very short ; therefore the earth and air arc more 
heated in the day, than they are cooled in the 
night; and, on this account, the heat will keep 
incressiog in the summer; and, in winter, wheo, 



* Plane. — This term denotes a flat surface, l.TJnif evenly 
between its bound in ^ linen. — Euclid. Tlie sphere is whi'lly 
GxplHincd b% planes conceived lo cut the eelestiil hudv'i^i'uv'^ 
la fiU the Bi-e»s, or circumferences ot ".^tw oi\)\^6. 



during the long nights, the earth and air are man) 
cooled in the night, than they are heated ia thl 
daVi the cold will proper t ion a Idy increase. 

272. The Solar system consists of eleven | 
mary plnnets, eighteen secondary planets, 
lites, or moons, and a number of comets. 

373. The earth has one moon, Jupiter four, 
• Saturn seven, and Hcrschel six moons. 

274. All the planets move round the sun from 
west to east, and the secondary planets move rouni) 
Iheir primaries in the same direction, excepting 
those of Hcrschel,* which move from east to west. 

275. The following table will give the diame> 
ters of the sun and planets ; tbeir mean distances 
from the sun, and the times in which their annual 
and diurnal revolutions are performed. 



JItean ilis- volution m 
Biamelera lancet from their men 
in E. mile), the itin. axei. 



Ral'lli, 
Mnrs, 

Ceres, 
railHS, 

Vesta, 

Saturn, 
Uerachel, 



883,000 ]33 14 Ob 

3,200 37,000,000 unknown 

7,6ii? 6a,oao,ooo 23 2s 

7,964 95,000,000 23 if 
144,0OU,00C 24 4<j 

266,009,000 unknowr 

266,000,000 unkiiow 

255,000,000 iinkno* 

89,170 490,000,000 9 St 4,3S3 06 

79.042 900,000.000 10 16 10,rS9 01 5t 1 

35,109 ieOO,000,OOe unkhowu J0.7J7 18 ■> J 



276. Mercury ia the least of all the platiet| 
whose magnitudes are accurately known. Wh(a] 
seen through a telescope, he appears sometimeail__ 
the form of a half moon ; hence it is inferred thlt^ 
he has phases like the moon, except that he never 

• Some suOiors contend that the iaielliles of Heracbel. 
more, like other planeUrj bodies, (coTO.WftBtWea.sl. 
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appears quite round, because his enlightened aide 
is never turned directly towards us, unless when 
he is so near the sun as to become invisible, by 
the splendor of his rays. Mercury shines with a 
bright while light ; but, on account of his nuar- 
reas to the sun and hia small size, he is seldom 
seen — always appearing soon after sunset, and ii 
little before sunrise. The light and heat which 
this planet receives from the sun, are about seven 
tjines greater than the light and heat which the 
earth enjoys from that luminary. The orbit of 
Mercury makes an angle of about ?° with the 
ecliptic, and he revolves round the sun at the rate 
of about one hundred and nine thousand miles in 
ttn hour. Mercury's greatest elongation is 2a° 20'. 
277. Venus is the brightest, most beautiful, 
and to appearimcc, the largest of the planets. 
Her light is distinguished from that of the other 
planets by its brilliancy and whiteness. Her 
light is in some parts of her orbit eo great as to 
cause an object in a dusky place to cast a sensible 
shadow. When viewed through a telescope, 
Venus appears to have all the phases of the moon 
from the crescent to the enlightened hemisphere, 
though she seldom is seen perfectly round. Whtn 
Venus is west of ihe sun, ns seen from the earth, 
that is, when her longitude is less than the sun's 
longitude, she rises before him in the morning, 
and is called a morning star ; but when she is 
east of the sun, that is, when her longitude is 
greater than the sun's, she shines in the evening 
after the sun seta, and is called an evening star. 
Venus is a morning star about two hundred and 
ninety days, and she appears as the evening star 
for nearly the same length of lime, though she 
performs her whole revolution round the sun, in 
two hundred and twenty-four days, and seventeen 
hours. The reason why she av^tata c*av«w;'K 
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er westvrardofthe sun for alonger'time than hcM 
whole revolution is, that while Venus is g^O^T 
round the sun, the earih is going round hira thcj 
same way, though slower than Venus ; and there-J 
fore the relative motion of Venus is slower thaw 
her absolute motion. Sometimes Venus is seep* 
on the disc of the sun in the form of a dark, 
round spot. This appearance can happen but" 
aeldom — When Venus thus passes over the sun, J 
she is said to transit that luminary. The lu 
transit of Venus was in 1769, and another wil 
not again occur until the year 1874. The li^ 
and heat which this planet receives from the sm 
are about double the quantity which the eftri 
receives. The orbit of Venus makes an angle d 
, 3° 23' 35" with the ecliptic, and she revolves roUQi 
the sun at the rate of upwards of eighty thousalh 
miles per hour. This planet like Mercurj- nevq 
departs far from the sun, her greatest elongatioi 
being only 47° 48'. She is visible only a ftf\ 
hours in the morning before the aun rises, or i 
the evening after he sets, an evident proof thd 
her orbit, like that of Mercury, is contains 
within the orbit of the earih, otherwise tfa« 
voutd he seen in opposition to the aun, or aboil 
the horizon at midnight. 

are. The earth is the next planet in the systen 
Its figure is a sphere depressed at the poles, am 
protuberent at the equator, having, as before ob- 
served, its equatorial diameter, about thirty-foil 
miles longer than its polar diameter, or axis. 

ST9. The sphericity of its form is proved, b; 
the circular shape of its shadow, as projected di 
the moon during an eclipse ; by the appearancdTl 
exhibited by ships arriving from sea, 
the shore, in the first of which cases, the tops ^* 
the masts are seen long before the hull bccomcM 
visible, ajid in the other, l.hc bull diaa^\)eara ArafT 
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and the tops of the maata last of all; and by lis 
having been frequently circumnavigated, persons 
having sailed from a certain port, easterly or 
westerly, and, keeping the same course, have ar- 
rived at the same port again ; whereas, if the 
earth were a plane, thia never could have hap- 
pened, but the longer they continued to sail in the 
same direction, the more would the diMance from 
the port of departure have increased. 

280. The axis of the earth makes an angle of 
23' 28', with a perpendicular to the plane of the 
ecliptic, and keeps the same oblique direction 
through its annual course; hence it follows, that 
during one part of its course, the north pole is 
turned towards the sun, and during another part 
of its course, the south pole is turned towards it 
in the same proportion, which is the cause of the 
different seasons, as spring, summer, autumn, and 
winter. — t^'E- ^-l 

281. The phenomena of the different seasons 
of the year, will appear plainly from the following 
observations. Let ABC D* represent the plane 
of the earth's annual orbit, having the sun in the 
fbcua F; and let a t, an imaginary line passing 
through the centre of the earth, be perpendicular 
to this plane ; and let the axis N S, of the earth, 
make an angle of 23° 28' with this perpendicular ; 
then, if the earth move in the direction A, B, C, 
D, in such a manner that N S may always rem'aiu 
parallel to itself, and preserve the same angle 
with a 6, it will point out the seasons of the year; 
for, suppose a line to be drawn from [he centre of 
the sun to the centre of the earth, it is evident 
that the sun will be vertical to that part of the 
earth which is cut by this line. Now, when the 
cxrtb is in Libra ~, the sun will appear to be In 

• See Pip, 6. 
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Aries T, the days and nights will be equal im 
both hemispheres, and the season a medium be- 
tween summer and winter ; the line dividing the 
dark and light hemispheres, passes through the 
two poles N and S, and, consequently, divides all 
the parallels of latitude, as P R, into two equal 
parts ; hence, the inhabitants of the whole face of 
the earth Jiave their days and nights equal, viz. 
twelve hours each. While the earth moves from 
Libra :^ to Capricorn >5, the' north pole N will 
become more and more enlightened, and the south 
pole S will be gradually involved in darkness; 
consequently, the days in the northern hemisphere 
will continue to increase in length, and in the 
southern hemisphere they will decrease in the 
same proportion, all the parallels of latitude being 
unequally divided. When the earth has arrived 
at Capricorn i^, the sun will appear to be is 
Cancer 25, it will be summer to the inhabitants of 
the northern hemisphere, and winter to those in 
the southern ; the inhabitants at the north pole, 
and within the arctic circle, will have constant 
day, and those at the south pole, and within the 
antarctic circle, will have constant night. While 
the earth moves from Capricorn >:J to Aries V, 
the south pole will become more and more en- 
lightened ; consequently, the days in the southern 
hemisphere will increase in length, and in the 
northern hemisphere they will decrease. When 
the earth has arrived at Aries T, the sun will 
appear to be in Libra dsa^ and the days and nights 
will again be equal all over the surface of the 
earth. Again, as the earth moves from Aries ^ 
towards Cancer 22>, the light will gradually leave 
the north pole and proceed to the south ; when 
the earth has arrived at Cancer 2r, it will be 
summer to the inhabitants in the southern hemis- 
phere, and winter to those in the northern ; the 
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inhabitants of the south pole (if any) will hai 
continual (lay, those at the north pole, constant 
night, — Lastly, while the earth moves from Can- 
cer iS to Capricorn W, the sun will appear to 
move from Capricorn vj to Cancer JE, and the 
days in the northern hemisphere will be increas- 
ing, while those in the southerti will be diminish- 
ing in length; and while the earth moves from 
Capricorn V3 to Cancer 55 ; the sun will appear 
to move from Cancer 25 to Capricorn VJ ; the 
days in the northern hemisphere will then be de- 
creasing, and those in the southern hemisphere 
increasing, la all situations the equator will be 
divided into two equal parts ; consequently, the 
days and nights at the equator are always equal. 
Thus, the difl'erent seasons of the year arc clearly 
accounted for by the inclination of the earth'3 
axis to the plane of its orbit, combined with the 
parallel motion of this axis. 

282. The motion of the aun, moon, and stars, 
from east to west every twenty-four hours is only 
apparent, and is caused by the rotation of the 
earih on its axis from west to cast in twenty-four 
hours. This motion of the earth round its axis 
is called its diurnal or daily motion, and causes 
the regular return of day and night, and all the 
celestial appearances before mentioned. Perhaps 
the reader may think that we should be sensible 
of the diurnal rotation of the earth, if it really- 
had any such motion. But it is no objection to 
the earth's rotation that we cannot perceive ir. 
When we sail on smooth water we are scarcely 
sensible of the motion of the vessel, though it 
glides swiftly along. On the contrary, objects on 
the shore, which are fixed and at rest, as houses, 
trees, 8tc. seem to move in a direction opposite to 
that of the vessel. Much less then may we be 
able to perceive the constant and uniform motioB 
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iuch an immense body as ihe enrih, which 
I meets no obsiiicks in its way to disturb its motion. 1 
I JBestdes, we arc habituated to the diurnal motiOD 
I «f the earth from our birth, and therefore cannot 
[ be so sensible of it as we should be of a new i: 
I lion. The earth, in its annual progress round the 

, travels at the rate of sixty-eight thousands 1 
Pxiiles in an hour; and by its diurnal revolution, 
I the inhabitants of the equator are carried round 
I hs axis one thousand and forty-two miles in a 

I iwur. m 

283. The moon, being the nearest celes^ 
I 'body to the earth, and, next to the sun, the t 
^lesplendent in appearance, has excited the a( 
^^n of astronomers in all ages. 

14. The lunar month ie of two sorts. Firsts 

Eeriadical, or the time in which ilie moon finishu 
er course round the earth, and consists of twen^^ 
I seven d>iys, seven hours, forty-three minutMj 
r five seconds. Second, synodical, or ths time 
I elapsed from new moon to new moon, and < 

s of twenty-nine dnys, twelve hours, forty-foQri 
f minuits, three seconds. 

285. If the earth had no revolution round tlw 

un, or the sun had no apparent motion in tb(i 

I ecliptic, the periodical and synodical month would 

be the same ; but as this is not the case, the maoQ 
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one conjuno 

whole orbit { 

: new moon and the nex* 

's periodical time. TbW 

the earth from west to- 

rently follows the saina 

w moon, or when the sun 

in conjunction, they both set oufr 

place, to move the same wav 



d the earth ; but the moon moves much faster* 
than the sun, und consequently will overtake it. 



and then there will be another conjunction, or 
new moon. If the sun had no apparent motion 
in the ecliptic, the moon would reach the point of 
conjunction again, after it had gone once round in 
its orbit; but as the sun moves on in the ecliptic 
whilst the moon is going round, the moon must 
move a little more than once round beforrit comes 
into conjunction — Hence it is that the time be- 
tween one conjunction, and the next in succession, 
is somethinjj more than the time which the moon 
, takes in going once through its orbit ; and this is 
the reason why a synodical month is longer than 
a periodical one. 

2B6. The orbit of the moon is nearly ellipti- 
cal, having the earth in one of its foci. The ec- 
centricity of the ellipsis is verr variable, the 
moon's motions being disturbed by the action of 
the sun, are subject to many irregularities. 

28/. The orbit of the moon is inclined to the 
ecliptic in an angle which is variable from 5°, to 
3° 18', consequently is inclined in an angle of 5° 
9' at a medium. The motion of the moon's nodes, 
or points where her orbit intersects the orbit of 
the earth, is westward, or contrary to the order 
of the signs ; this motion is also irregular, but 
by comparing together a great number of distant 
observations, the mean annual retrograde motion 
is found to be about 19° 19' 44", so that the nodes 
make a complete retrograde revolution from any 
point of the ecliptic to the same point again in 
about eighteen years, two hundred tVYcmy-eight 
days, and six hours. 

288. The axis of the moon is almost perpen- 
dicular to the plane of the ecliptic ; the angle 
being 88° 17', consequently it has little or no va- 
riation of seasons. 
I 389. The moon turns on its axis from con- 
L^WKtion to conjunction with the siit\,'«vv«w:LV^- 
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f days, twelve hours, forty-four minutes, three 
inda, which is exactly iht time it takes lo go 
round iis orbit from new mouii to new moon ; k 
therefore has the same side constantly turned tt>- 
W.irds the earth. This is subject however to s 
Email variation, called libration of the tnoon, 90 
that it turns a little mare of the one side of its 
face towards the eaith, and sometimes a little 
more of the other, arising from its uniform motioD 
on its axis, and unequal motion in its orbit; tbb 
is called its librution in longitude. 

290. The moon likewise appears to have a va- 
cillating motion, which presents to our view 
sometimes more, and sometimes less of the spots 
on its surface towards each pole ; this arises from 
the axis of the moon making an angle of about 
1° 43' with a perpendicular to the plane of the 
ecliptic; and, as this axis maintains its parallcU 
Um during the moon's revolution round the earth, 

t necessarily change its situation to an obv 
Berver on the earth ; — this is called the moon* 
libration in latitude. 

291. While the moon revolves round the eatti 
in an elliptical orbit, it likewise accompanies tkj 
earth in its elliptical orbit round the sun; by iM 

mpound motion its path is every where concain 
towards the sun. 

292. The moon like the planets shines entirely 
by light received from the sun, a part of which ' 
jcflceied to the earth. As the sun can only en. 
Ughten one half of a spherical surface at oncCi * 
follows, that according to the situation of an ate 
server, with respect to the illuminated part of the 

m, he will see more or less of the light « 
fleeted from its surface. At the conjunction 
7 moon, the moon is between the eai 
and the sun, and consequently that side of dltf 
moon which is never seen from the earth is can 



Irg^htenecl by the sun, and that side, which is con- 
stantly turned towards the earth, is in total 
darkness, except the light which is reflected I'rom 
the earth, and which wc do not then perceive. 
Now, as the mean motion of the moon in ila orbit 
exceeds the apparent nioiioii of the sun by about 
12," 1 1' in a day, it follows, that about four days 
after the conjunction, it will be seen in the evening 
» little tu the east of the sun, after he has de- 
scended below the western part of the horizon. 
The convex part of the moon will be towards the 
weit, and the bonis or cusps pointing to the enst, 
or if the observer live in north latitude, the horns 
will appear to the left hand. As the moon con- 
tinues her motion eastward, a greater part of the 
surface becomes enlightened, and when 90° east- 
ward of the sun, which will happen in about seven 
days and eight hours from the new moon, she will 
come to the meridian at six o'clock in the evening, 
having the appearance of a bright semicircle, 
being what is commonly called a half moon. 
Advancing still eastwardly, she will become more 
enlightened towards the earth, and at the end of 
about fourteen and a half days, she will come to 
the meridian at midnight, being diametrically op- 
posite to the sun, and consequently will appear 
a complete circle, or be full. The earth is now 
between the sun and the moon, and that half 
of her surface which is constantly turned 
towards the earth is wholly illuminaied by the 
direct rays of the sun, while the other half is 
involved in darkness. The moon continuing her 
progress eastward, becomes deficient on her west- 
ern edge, and in about seven and a third days 
from the full moon, she is again within Wi" of the 
sun, and appears a semicircle with the convex 
side towards the sun j moving still onward, in the 
direction, the deficiency on her western 






298> Mara appenrs of a duslcy red colour, and 
though he Is soRietimes apparently as large as 
Venus, he never shines with so brillipm a light. 
This beiag the first planet beyond the orbit of the 
earth, he exhibits to the spectator appearances 
different from Mercury and Venus. He is soms- 
times in conjunction with the sun, but was never 
known to transit his disc ; and sometimes h£ ap* 
peaia directly opposite to the sun, and is 6e«n in 
, the meridian at midnight. These appearance* 
clearly show that Mars moves in an orbic mort 
distant from the sun than that of the eartk 
3Wars revolves on his axis in twenty-four hours, 
and forty minutes; and his polar diameter 
is to its equatorial, as fifteen tosixteeti. The 
inclination of his orbit to the pUne of ih* 
ecliptic, is 1° 5l', the place of his ascending 
node being about 18° in Taurus. This planet 
travels round the sun at the rale of fifty-five 
thousand two hundred and twenty-three miles pd 
hour. 

299. Tho planets, or asteroids, whose orbits i 
included between those of Mars and Jupiter, wi 
discovered In the following ordtr. 

300. Ceres. On the 1st of Januari^, I801, ] 
piaazi, astronomer royal, at Palermo, discovei 
a new pldnet between the orbits of Mars ■ 
Jupiter, generally calied Ceres Ferdinandia 
the island in which it was discovered, and 
dinand the fourth, King of the two Scicilies. 
elements of the theory of this planet are ii 
fectly known. It appears lilce a star of the e: 
magnitude, and consequently is invisible to t1 
naked eye.* 

301. Pallas was discovered by Dr. Olbers, d 
Bremen, March 28, ISOa.f 

" See Table, page 60. *sW>\a. 
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302. J uoo was discovered September lat. 
by M. Harding, of Lilienilial, in the Duchy ol 
Bremen. 

303. On the 29ih of Mnrch, 1807, Dr. Olbers 
discovered a fourth new planet, called Vesta. 
size appears like a star of the fifth magnitude, 

304. Jupiter !s the largest of all the planets, 
and, notwithstanding his great distance from the 
aun and the earth, he appears to the naked eye 
almost as large as Venus, though his light is less 
brilliant. Jupiter, when in opposition to the sun, 
is much nearer to the earth, than he is a little 
before and after his conjunction with the sun; 
hence, at the time of opposition, he appears larger 
and more luminous than at other times. When 
the longitude of Jupiter ia less than that of the 
sun, he will be a morning star, and appear in tlie 
east before the sun rises ; but when his longitude 
is greater than the sun's, he will appear in the ivcat 
iifter the sim sets. 

305. Jupiter revolves on his axis in nine hours, 
fifty-six minutes, which is the length of his day ; 
but as his axis is nearly perpendicular to the plane 
of his orbit, he has no diversity of seasons. This 
planet is surrounded by faint substances called 
belts or zones, which, from their frequent change 
in number and situation, are supposed to consist 
of clouds. 

306. The inclination of the orbit of Jupiter to 
the pLinc of the ecliptic, ia 1° 18' 50", and the 
place of his ascending node, is s" in Cancer. He 
moves in his- orbit at the rate of twenty-nine thou- 
sand eight hundred and ninety-four miles per 
hour. On account of the great magnitude of 
Jupiter, and his rapid rotation on his axis, he is 
more flattened at the poles, than the earth. 

|^^^307. Jupiter is attended by four satellites or I 



same aianner as the moon revoti'ea around our 
earth. The times of their periodical revolutions 
round their primary planet, and their respective 
distances from his centre, are givea in the follow 
ing table. 



1 la %7 33 

3 13 13 ^1 

7 3 43 33 

IG 16 33 la 



e 67 
9 00 
14 38 



352,511 
4O0,ftl0 

640,4Ce 
1.126,722 



308. The satellites of Jupiter are invisible to 
tlic naked eye. They were discovered by Galileo, 
the inientor of telescopes, in the year 1610. This 
was an important discovery j for as the satellites 
revolve around Jupiter in the same directioa in 
which he revolves round the sun, they are fre- 
quently eclipsed by his shadow, and allbi-d an 
excellent method of finding the iruu longitude of 
places on land. To these eclipses wc aUo awi 
(he discovery of the progressive motion o£ ligjlil 
which is found to travel from the suu to the eanhj 
in eight minutes, thirteen seconds. 

309. The first of Jupiter's satellites is the 
important, on account of its numerous eclipaci 
The times of the eclipses of the sntelUtes of Japi 
ter are calculated for the meridian of Greenwicll 
and inserted in the third page of the Naudca 
Almanack for every month, and their configimi 
lion, or appearances with respect to Jupiter, i 
to be found in the twelfth page of the 
work. As the earth turns on its axis at the ratt 
of fifteen degrees in an hour, or one degree id 
four minutes of time, a person, one degree weatj 
ward of Greenwich, will obser\e the emersioa c 
immersion of any one of the four satellites t 
Jupiter four months I^tec iKaa cl\c time mcationed 
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im!ie Nautical Almanack; and if he be one tie- 
gree eastward of Greenwich, he will see the 
ellipse four minutes sooner than the time at Green- 
wich. These eclipses most be observed with a 
good telescope, and a pendulum clock that beats 
seconds or half seconds. 

310. Saturu shines wiih a pale, feeble light, 
being the farthest from the sun of any planet that 
is distinctly visible without the aid of a telescope. 
His disc is crossed by zoues or belts like those of 
Jupiter. The inclination of the orbit of Saturn 
to the ecliptic is about 3" 2t' 50", and the place 
of his ascending node, about 21° in Cancer. Sat- 
urn proceeds in his orbit, at the rate of twenty- 
two thousand and sefcnty-two miles per hour. 
The etiuatorial diameter of Saturn, is to the polar 
diameter as eleven to ten. Saturn is attended 
by sevtn satellites. 

311. The ring of Saturn is a broad and opaque 
circular arch, surrounding the body of the planet, 
without touching it, like the wooden horizon of 
an artificial globe. Dr. HerschEl says that this 
ring is really composed of two concentric rings. 
The bfeadih of the ring is about twenty-one 
thousand m\les, and the space between it and the 
body of the planet is supposed to be equal to its 
breadth. Of its use to the inhabitants of Saturn, 
we are ignorant, though the most probable con- 
jecture is, that it reflects the liglit of the sun, and 
ussisis in illuminating and warming that distant 
pl.net. 

312. Tiie ring of Saturn revolves round the 
axis of Saturn, and in a plane coincident with the 
plane of his equator, in ten hours, Oiirty-two min- 
utes, five and a quarter seconds. The ring being 
a circle, appears elliptical, from its oblique posi- 
tion ; and it appears most open when Saturn's 
longitude is about 2 signs IT degrees, or 8 signs 

"7 degrees. 
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313» Herschel, or the Geargiutn Sidus, is the 
remotest of all the known planets belonging to the 
solar system, and was discovered by Dr. Herchel, 
at Bath, in England, on the 13th of March, 1781. 
1'his planet is called Ouranus by the Royal 
Prussian Academy, and by some others, because 
the other planets are named from such of the 
heathen Deities as were relatives. This planet, 
when viewed through a telescope of small magni- 
fying power, appears like a star of between the 
»ixth and seventh magnitude. It may be seen 
by a good eye without a telescope, in a fine clear 
night when the moon is not above the horizon. 
The Georgium Sidus is attended by six satellitesi 
which were all discovered by Dr. Herschel. 
Their orbits are said to be nearly perpendicular 
to the ecliptic, and what is st}ll more singular, 
their revolutions are performed round their pri- 
mary, in a retrograde order, or contrary to the 
order of the signs. 

314. Though the primary planets already de- 
scribed, and their satellites, are considered as the 
regular bodies which form the solar system, yet 
that system is sometimes visited by other bodies 
called comets^ which are supposed to.move round 
the sun in elliptical, and very eccentric orbits, so 
that they become invisible in their aphelion. 
Their theory is very imperfect. Sir Isaac New- 
ton observes that comets are compact, solid, and 
durable bodies, which move in very oblique and 
eccentric orbits, with the greatest freedom, and 
preserve their motions for an exceeding long time, 
even when moving contrary to the course of the 
planets. -Their tail is a very subtle, attenuated 
vapour, emitted by the head or nucleus of the 
comet, ignited or intensely heated by the sun. 
This tail is always opposite to the sun, and whea 
seen in different directions from the earth, gives. 



different appearances and names to the same 
oomct. Comets arc verj' numerous — upwards of 
four hundred and fifty are supposed to have vis- 
ited, or to belong to our system. 

315. Concerning eclipses of the sun and moon, 
it may be further observed*. The dark part of 
the moon's shadow is called the umbra, and the 
lighter part the penumbra. Eclipses arc, under 
particular circumstances of situation to aspectatot 
on the earth, invisible, visible, partial, annular,and 
total. 

316. An eclipse of the sun begins on the west- 
ern side of the disc, and ends on the eastern ; and 
an eclipse of the moon begins on the eastern side 
of her disc, and ends on the western. 

317. The average number of eclipses in a year 
is four, two of the sun, and two of the moon ; and 
as the sun and moon are as long below the earth 
as they are above it, the average number of visible 
eclipses in a year is two, one of the sun, and one 
of the moon. The lunar eclipse frequently hap- 
pens a fortnight after the solar one, or the solar 
one a fortnight after the lunar one. The most 
general nuitjaer of eclipses in any year is four-; 
there are sometimes six eclipses in a year, but 
there cannot be more than, seven, nor leas than 

318. The ecliptic limits of the sun are greater 
than those of the moon ; and hence there will be 
more solar than lunar eclipses, in nearly the ratia 
of thr.ee to two ; but more lunar than solar eclipses 
are visible, because a lunar eclipse is visible to a 
whole hemisphere at once ; whereas a solar eclipse 
is visible only to a part of a hemisphere. 

319. A tide is that motion of the water in the 
seas and riv'ers by which they are found to rise 

- Vide Definitions 239, 230. 
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and. fall in a regular succession, and this flowing 
and ebbing is caused by the attraction of the suh 
and moon. They ebb and flow twice in twenty- 
four hours. 

320. The parts of the earth directly under the 
moon, or when the moon is in their zenith, and 
those diametrically opposite to them, or under the 
nadir, will have high water at the same time. 

321. Those parts of the earth which arc 90^ 
from the places which have the moon in the ze- 
nith, have at the same time ebb, or low water." 

322. The tides are greater than ordinary twice 
in every month, viz. at the times of the new and 
full moon ; and these are called spring tides. 

323. The tides are less than ordinary twice in 
every month, that is, about the time of the first 
and last quarters of the moon ; and these are 
called neap tides. 

324. When' the moon is nearest to the earth, 
the tides increase more in similar circumstances 
than at other times. 

325. The spring tides are greater a short time 
before the vernal equinox, and after the autumnal 
equinox, than at any other time in the year. 

326. Lakes are not subject to tides, and small 
inland seas are also little affected by them ; they 
are also inconsiderable in high northern or south- 
ern latitudes. 

327. The time of the :tides, happening in par- 
ticular places, and their height, may be very 
different, according to the situation of those 
places; For the motion of the tides is propagated 
swifter in the open sea, and slower through chan- 
nels or shallow places; and being retarded by 
such impediments, the tides cannot rise so high 
as where the waters hare free and dmple liberty 
of action. 



*9 

32S. The morning tides differ generally in 
their rise from the evening tides. In winter the 
morning tides are highest, and in summer the 
evening tides. The new and full moon spring 
tides rise to different heights. The tides follow 
the course of the moon, i. e. from east to west, 
where they meet with no tmpedimetit. ,X 

339, Theoryof tides. The earth is demonstrably 
within the sphere of the attraction of the sun and 
inoun. Were the terraqueous globe entirely free 
from their influence, the ocean, being equally 
attracted on all sides towards the centre, would 
continue in a state of perfect stagnation, and 
would neither ebb nor flow. But as the case ia 
otherwise, it must be affected by the attraction 
of the two great luminaries, and rise higher in 
those places where its gravity, or tendency to the 
centre of the earth, is most diminished. This 
being premised, let ua consider the globe of the 
earth as covered with a deep sea ; it will then 
follow that by the yielding of the fluid to the lunar 
attraction, the earth will assume the form of a 
spheroid, whose longest diameter, if prolonged, 
would pass through the moon ; that is, wherever 
the moon is vertical, she will not only raise the 
water under her towards the zenith, but also at 
the same time in the nadir or opposite point. 
She raises the water in the former, because the 
fluid there is nearly four thousand miles nearer to 
her anractive power, than to the centre of the 
earth ; it therefore gravitates less, and becomes 
lighter than in those parts which maybe described 
as lying in a line passing through the centre of 
the world at right angles, with one supposed to 
be drawn perpendicularly to it from the zenith, 
as. A D;* the waters tjf course press towards 
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the zenith, or part under tlie moon, where tlti_ 
form an accumulation or swell of the sea. NoVt I 
as ihc earih and wntcis grnvitate towards the | 
muon, it wiU follow that the parts of water nearer 
to the moon than the earth, will rise ioio the 
zenith, whi-reas the pnrts of the water that arc 
farther from the moon than the earth, will be 
less attracted, and flow into the nadir ; b\- which 
means tides are raised in the zenith and nadir al 
the same time. 

330 Demonstration. Because' the power of 
gravity decreases as the squares of the distances 
increase.* Suppose the earth lo be entirely 
covered with a fluid as A B Z, C D, Q N. and 
the Bun and moon to have no effect upon them, it 
is evident that all ihe p;irtic!es, being equally 
attracted towards the centre of the earth O, would 
form an exact spherical surface, except thai by 
the revolution of the earth on itsaxis; the attrac- 
tion from B towards O, and from O to the oppo- 
site point, being the equatorial parts, would be a 
little diminished by the centrifugal force. I^t 
the moon at M now exert her influence on the 
water j then, because the power of attraction 
decreases as the squares of the distance increase, 
those parts will be most attracted which are near- 
est to the moon, and their tendency towards 
will be diminished ; the waters at Z B will there- 
for* rise, and at Z, which is nearest the mooO) 
they will be highest. At the same time llie 
waters in the natJir at N are elevated in a aimilai 
manner. The waters at A B Z C D, being more 
attracted by the moon than the central parts at O, 
and the central parts more attracted than the sur- 
face at N, the opposite part of the earth, the dia* 
tance bctwceti the centre of the earth, and tht 



• See Fig. S. 



surface of the water under the zenith and nadir 
will be increased. For let three bodies Z O M 
be equally attracted by M, then it will follow, 
that they will all move equally fast towards M, 
and their mutual distances will continue the 
same, but if the bodies are unequally attracted, 
the body which is most attracted will move the 
fastest, and its distance from the other bodies will 
be increased. Now, by the law of gravitation 
M will attract Z more strongly than it does O, 
by which means the distance between Z and O 
will be increased ; in like manner O will be more 
strongly attracted than N, by which means the 
distance between O and N will be increased. 
Now suppose a number of bodies, A B Z C D F 
N E, placed round O to be attracted by M, the 
parts Z and N will have their distances increased, 
while the parts at A D will not recede from each 
other, but will rather approach nearer to O, by 
the oblique attraction of M. Hence, if the whole 
earth were composed of similar bodies to A B Z 
C D F N £, and to be similarly attracted by M, 
the section of the earth, formed by a plane passing 
through the centre of the earth, and the moon 
could be a figure resembling an ellipsis, having 
its larger axis Z N, directed towards the moon, 
and its shorter axis A D in the horizon. The 
figure of the earth, therefore, would be an oblong 
spheroid, having its larger axis directed towards 
the moon ; consequently, it will be high water in 
the zenith and nadir, and low water in the hori- 
zon, or line A D, at the same time ; and as the 
earth turns round on its axis from the moon, to 
the moon again, in about twenty-four hours, forty- 
eight minutes, there will be two tides of flood 
and two of ebb in that time, agreeably to expe- 
rience. 



j31. The lime of high water is not precisely 
the time of the moon's coming to the merid^ 
but about an hour after ; for the moon acts i 
some force after she has passed ihe meridian, 
by that mcaus adds to the libratory, or wi 
motion, which the waters had acquired whcDi 
vas OQ the meridian. 

S32. In the foregoing observailona and it 
monstration, the influence of the moon ba< mlf 
been considered. The attractive power of ^ 
Bitn on the waters is also great, but not equal ■ 
that of the moon. It is computed that the moohV 
Rttr:kction on the sea is ubout four times as grett 
as the stm's. The highest tides arc occasioDcd 
by the combination of the solar and lunar inflw 
ences, at the times of the new and full n 

333. Allt-r this imperfect survey of ihe hea^ 
«ns, and of (he portion of the universe to whkk 
we belong, we cannot but feel the force of Dfc 
Young's assertion, that "An undcvout aslronoi 
nier is mnd." To the Epicnrrans of thi 
and Grecian schools, who taught the 
doctrint that creation was thi; piuduction of blU 
and undcaigring cluiicc, Cictro oj.posed t 
swerable arguments dtawn from ethical Utd 
losophical observations on ihe nutural world, 
the phenomena which he bi-lield in the nil 
rounding heavens. To the Ailirists of the pn 
day, let me earnestly recommend an attetKH 
perusnl of the Roman moralif-i's second book ( 
the Nature of the Gods. '■ Is W," mys vlW 
illustrious author. " worthy to be called » nuo, 
who attributes to chance.nut to an intelligent cattM, 
the coQsunl motions of the celestial bodies; iht 
regular courses of the stars j the agreeable pio- 
portion and connexion of all things, conducteti iviili 
so nmch reason, that our reason ituclflw hst in thi 
inquiry? When we see various machines moving 
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artificially, do we doubt whether they are the pro- 
ductions of reason ? And when we. behold the 
heavens moving with a prodigious celerity, and 
causing an annual succession of the different sea- 
sons of the year, which vivify and preserve all 
things, can we doubt that this world is directed, 
I wUl not say only by reason^ but by reason most 
EXCELLENT AND DIVINE. For, in short, there is 
iio*t^ecl to seek after proofs ;— we need only con- 
template the beauty of those objects, which, we 
assert, are created and organized by a Divine 
Providence." 
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PROBLEMS, &c. 



BE^Iceletou of a plain chart, which I have 'en 
troduced in this work, is designed to render the 
various circles, parallels, zones, he. familiar to 
learners, by inspection. It will also be an easr, 
inatrnciivc, and entertaining exercise, to lay down 
places on it according to [heir sttnation on the 
^lobe. By frequently performing »he following 
problems, the young geographer will not only ac- 
quire an accurate knowledge of the relative sitei 
of different countries, cities, 8;e. and of the dis- 
tances between them, but he will, by Htling up hii 
steleion map, have the pleasure of seeing them 
delineated on a production of his own ingenuirv 

I and labor. This map comprises the degrees of 
longitude as high as 90, on each side of the fipi 
meridian, and all the degrees of latitude, 
pole to pole. 
I 
: 
th 



PROBLEM I. CFor the Skeleton r. 
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The latitude and longitude of a place being- 
to lay it down on the skeleton map. 
Role. Lay a ruler across the map, on the di 
gree of given latitude found in one of the side 
:n, from the nearest meridian to the giv*^ loi 
gitude, set off with the compasses as many degrei 
from that meridian, as the longitude is over tl 
number of degrees through which the tneridU 
ns, keeping the compasses close to the ruleri- 
;n, one foot being on the meridian line, und( 
; other foot will be the situation required.- 
L The odd degrees may be taketv hom "On.^ ■as^ajR., 



Thus, I wish to lay down the city of Peters- 
burgh. On looking into the table, I iind iC3 lati- 
tude to be 39" 56' north, and its longitude SQ" 19' 
cash I lay a ruler across the map just under ihe 
figure 60 in the side of the map, and in north 
latitude. On observing the top of the map, I sec 
a meridian line running through the 30th° of east 
longitude, consequently the place of Petersburgh 
13 close to the point where the meridian and the ru- 
ler intersect each other. If thelongiludehad been 
in any number of degrees between 30 and 40, for 
instance 33% I should have extended my com- 
passes 5 degrees taken from the scale, and setting 
one fool of them in the meridian 30 close to the 
ruler's edge, the other foot kept also close to the 
edge of the ruler, would have shewn the point of 
situation. This example will serve for any other 
place, always observing to take the nearest me- 
ridian whose number is iess than the longitude 
given. 

PROBLEM II. 

7he latitude nnd hngitude of a place bchig ff^hen, 
to Jind it on a map, on a plain, cr viercator's 
projection. 

Rule. Lay a ruler across the given latitude ; 
observe in the top of the map the nearest merid- 
ian to the given longitude. If a meridian run 
through the given degree, the place will be found 
in the point where the meridian and ruler inter- 
sect each other. Thus Petersburgh having 30" 
19' of longitude, and 59' 56' latitude, it will be 
seen just in the point of intersection. If the lon- 
gitude had been 34°, the 4° should have been taken 
from the scale, then one foot being set close to the 
edge of the ruler on the meridian at 30', the other 
would have extended to the diaUnce Tft<:v^vte.&»- '-^ 



to find the latilude and hngitude of n place, on « 
plain,, or mercator's chart or map. 

Rule. Lay a ruler over the place, direc^ 
across the map, and you will find its latitude ii 
degrees and minutes in the side row of figtirvs; 
then lay the ruler over the place, up and down the 
map, and in the top or bottom row of figures, or 
on the equator, you will find the longitude. 

To solve the foregoing problem on a map, oa* 
globular projection— ^bs^rve. 

To find the latitude of a place, measure its dis- 
tance from the nearest parallel of latitude, wiUi 
the compasses, if in north latitude from the next 
parallel beloxa, \a south latitude above it — then 
from the termination of that parallel in the side 
TOW of figures, measure, with the same extent, the 
number of degrees from it, which, added to the 
number of degrees at the termination of the par- 
allel, will give the latitude required. Then, witi 
the compasses, measure the distance of the plas 
from the nearest meridian, to the /e/>, if in east 
and to the right, if in west longitude, and see c 
the scale, or any graduated circle, how many di 
grees that extent of compasses includes — tliatnutS' 
ber of degrees added to the number of degred 
through which the meridian passes will give Uh 
longitude required. 

PROBLEM IV. 

To find the distance betiueen two places on aim 
Set one foot of the compasses on one of t 
places, and extend the other foot until it rea 
the second given place — apply the compaase) 
with this extent, to any scale of degrees on t}^ 
map, and the number of degrees included betwee 
the feet of the compa55iiB,Tn\!l.twjt\e4\i'j «o,'«i 
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give the distance in geographical, or by 69', in 
English miles : on some maps there are scales of 
miles, convenient for use without calculation. If 
the places be too far apart for the feet of the com- 
passes to reach them, a piece of string or narrow 
tape, extended from the one to the other, and 
then applied to the scale on the equator, or any 
other extensive scale, will shew the distance in 
degrees. 

PROBLEM v.* 

The difference of iong-Uude between ttva places 

beiiiff g-iven^ tojindthe difference of time at ant/ 

given haur. 

Rule. Multiply the difference by 4, and divide 
the product by GO. 

The sun passes through 4 degrees of longitude 
in 1 minute of time. 

Required the time at Petersburgh, London, 
Paris, Calcutta, and the moat westerly part of 
South America, when it is noon at Boston. 



Feiersbui-gli 2^° B. 

101 di fibre nce- 
60|l04|6h. 44° 
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Petersburgh being east of Boston, the time at 
that place is past noon. If the problem be re- 
versed, the time at Boston will be before noon. 

N. B. If the longitudes be of different names, 
and when added together produce a larger sum 
than 180°, deduct that sum from JCO" and proceed 
with the remainder for the true difference — for 
instance. 
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Prohlema performed by the Terrestrial Ghbet 



To find the latitude of any given place. 

KuLE. Bring the given place to that part of the 
brass meridian wliich is numbered Irom the eqin* 
tor towards the poles ; the ilegree above the plact 
k the latitude. If the place be on the north .std^ 
of the equator, the latitude is north; if it be-oif 
the south side, the latitude is south. 

On small globes the latitude of a place 
be found nearer than to about a quarter of a de 
gree. Each degree of the brass meridian on ih( 
largest globes is generally divided into three equal 
parts, each part containing twenty geographical 
miles ; on such globes the latitude may be found 
to 10'. 

Examples, i . What is the latitude of Edinburgh J 

Answer. 56° north. 

3, He qui red the latitude of the following 
places; 

Amsterdam Florence Philadelfhia 
Archafigel Gibrahar Quebec 

Uurcelona Hauibutgh Rio Janeiro 



PROBLEM II, 

To find all those places xvhkk have the same lati- 
tude as any ^iveff place. 

Rule. Bring the given place to that part of the 
brass meridian which is numbered from the equa- 
tor towards the poles, and observe its latitude ; 
turn the globe round, and all places passing under 
the observed latitude are those required. 

Example. What places have the same or nearly 
the same latitude as Madrid; 

Ansiver. Minorca, Naples, Constantinople, Sa- 
marcand, Philadelphia, &c. 



To find the longitude of any place. 

Rule. Bring the given place to the brass me- 
ridian, the number of degrees on the equator, 
reckoning from the meridian passing through 
Ltondon to the brass meridian, is the longitude. 
If the place lie to the right hand of the meridian 
passing through London, the longitude is east ; 
if to the left hand, the longitude is west. 

Examples. 1. What is the longitude of Ptters- 
burgh ? 

Aiiaiver. 30^° east. 

2. What is the longitude of Philadelphia? 
Answer. 75;° west. 

3. Rfquircd the longitude of the following 
places ; 

Aberdeen Civita Vecchia Lisbon 

Alexandria Constantinople Madras 

4. What is the greatest longitude a place can 
have ? 

8* 
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ffiOBLEU 17. 

To find ail those places that have the same longi- 
tude as a given place. 

KuLE. Bring the given place to thtr brass tne- 
ridiun, then all^ plnces under the same edge of 
the meridian from pole to pole have the samo 
longitude. 

Ail ppople situated under the same meridian^ 
from 66° 28' north latitude to 66° 28' south lati- 
tude, have noon at the same lime ; or, if it b« one,. 
two, three, or any number of hours before or afteft 
noon with one particular place, it will be the sanej 
hour with every other place situated under the' 
same meridian. 

Examples. 1. What places have the same, or 
nearly the same longitude as Stockholm ? 

Answer. Dantzic, Presburgh, Tareoto, the 
Cape of Good Hope, &e. 

2. What places have tlie same long^itude a* 
Alexandria ? 

• 3. When tt is ten o'clock in the eveniag 
London, what inhabitants of the earth have I 
same hour.^ 



Tojind the laCitudc: and longitude of any place. 

Rule. Bring the given place to that part (^ 
riie brass meridian which is numbered from (tu 
equator towards the poles; the degree above tb 
place is the latitude, and the degree on the equa- 
tor, cut by the brass meridian, is the longitude. 

This problem is only ao exercise of the 
and third. 

Examples. 1. What are the latitude and longi- 
tude of Petersburgh I 

Answer. Latitude 60= N. longitude 3,01° E. 
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2. Required the latitudes and longitudes of the 
following plnces : 

Acapuico Cusco Leith 

Aleppo Copenhagen Lizard 

Algiers Ihirazzo Lubec 

PROBLEM VI. 

To Jin3 any place on the globe, having the latitude 
and longitude of thai place given. 
Rule. Find the longitude of the given place 
on the cqimtor, and bring it to that part of the 
brass meridian which is numbered from the equa- 
I tor towards the poles ', then, under the given lat- 
itude, on the brass meridian, you will find the 
;' place required. 

Examplrs. 1. What place has 1511" east longi- 
tude, and o4° south latitude. 
Answer. Botany Bay- 

a. What places have the following latitudes 
and longitudes i 

Zoridirfr*, LmgftiiJet. l Latiluilet. Lni^tiiieM 

SB" 6' S. 6" 54' W. ly" 25' N, 100° fi" W.i 

■18 13 N. 16 le K. \ S9 56 N, 3U 19 E. 

55 58 N. 3 12 W. I p 13 S. 77 55 W. 

PROBLEM VII. 

To find the d'tffttence of latitude between any two 

places. 

Rule. Find the latitudes of both the placesfby 

Probl'l.) Then, if the latitudes be both north 

\/» or both south, subtr^ict the less latitude from the 

- greater, and the remaindtr will be the difference 

of'liititudc : Init, if the hititudes be one north and 

the ptfier south, add them together, and their sum 

Will lie tilt; difference of latitude. 

Examples. 1., -Wh.nt is the difference of latitude 
between Philadelphia and PetersbuLrgK * 
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Answer. 20 degrees. 
, What is the difFerence of latitude betwun 
Madrid and Buenos AjTca ? 
Answer. 75 degrees. 

3. Required the difference of latitadc betveen 
the following places : 

London and Rome. Alexandria and the cape 

Delhi & Cape Comorin. of Good Hope. 

[ Vera Cruz and Cape Fekin and Lima- 
Horn. 

4. What two places on the globe have die 
I {greatest differetice of latitude^ 

PROBLEM VJII. 

To jind the difference of hngitude between onj 
Uao places. 

Rule. Find the longitudes of both the placet 

I (by Prob. III.) then, if the longitudes be both 

cast or both west, subtract the less longitude 

I frona the greater, and the remainder will be tho 

difference of longitude : but, if the longitudes bf 

L pne east and the other west, add them together,! 

[ and their sum will be the difference of longitudcij 

When this sum exceeds 180 degrees, take 

I it from 360, and the remainder will be the di£Fer> 

) ence of longitude. 

' Examples. 1. What is the difference of loDg^ 

' tude between Barbadoes and Cape Verd ? 

Answer. 41° 48' 

2. What is [he difference of longitude between 

I Buenos Ayrcs and the Cape of Good Hope ? 

, Ans-wer. r6° 50'. 

I 3. Required the difference of longitude I 
Itween the following places. 

I Vira Cruz '- Canton. Cunstantiooplo & Batavjiu 
Igtrgen and Bombay. BermuJ.is Island and Ist- 
[Columbo and Mexico. and of Riiodes. 



4. Whal is the greatest tlifFeretice of longitude 

S-"'""rehended between two places ? 
PROBLEJI IX. 
Jind the distance betiveen any two places. 
___LE. The shorlest distance between any two 
places on the eaith, is an arch of a great circle con- 
tained between the two places. Therefore, lay 
l| the graduated edge of the quadrant of altitude 
J over the two places, so that the division marked 
' O may be on one of the places, the degrees on 
the quadrant comprehended between the two 
, places will give their distance ; and if these de- 
grees be multiplied by 60, the product will give 
ttie distance in geographical miles ; or multiply 
the degrees by 69^, and the product will give the 
distance in English miles. 

Or, Take the distance between the two places 
with a pair of compasses, and apply that distance 
to the equator, which will shew how many de- 
grees it contains. 

If the distance between the two places should 
exceed the length of the quadrant, stretch a piece 
of thread over the two places, and mark their 
distance ; the extent of thread between these 
marks, applied to the equator, from the meridian 
of London, will shew the number of degrees be- 
tween the two places. 
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A Table of the number of Geographical and En-^ 


glish miles -which make a degree in ant/ giimM 


parallel of latitude.* ■ 
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Examples. 1. What is the shortest distance 
between London and Botany Bny i 

134 distance in degreei. 154 clisUnce in degrees. 

60 

9240 geograpliiciil miles 

^^B 107U3 Eng-Iish miles. 

^^Wl. What is (he direct distance between London 
and Jamaica, in geographical and in English 
miles ? 

3. WTiat is the extent of Europe in English 
miles, from cape Matapan in the Morea, latitude 
36° 35' N. to the North Cape in Lapland, latitude 
71 30' N. ? The places being situated nearly due 
north and south. 

4. What is the extent of south America from 
. cape Blanco in the west, to cape St. Rouge in the 

FKOBLEH X. 

Given the latitude ofaplace and its ^stance from 
a given plaee^ to find that place whereof the lat- 
itude is given. 

Rule. If the distance be given in English or 
geographical miles, mm them into degrees by di- 
viding by 69| for English miles, or 60 for geo- 
graphical miles ; then put that part of the gradu- 
ated edge of the quadrant of altitude which is 
marked O, upon the given place, and move the 
Other end eastward or westward (according as 
the required place lies to the east or west of the 
given place) till the degrees of distance cut the 
given parallel of latitude; under the point of in- 
tersection you will find the place sought. 
Or, having reduced the miKs into degrees, 
^H*e the same number of degrees 'Etotn. ilix'a to^'^- 






tor wiih a pair of compnsses, and with one loot 

of the compasses in the given place, as a ccntRj 

and this cxicm of dcgrets, describe a circle on 

L the globe; turn the globe till this circle falls un- 

I'jler the given latitude in the brnss mcridtao, and 

I you will find the place required. 

Examples. 1. A place in latitude 60° N. k 
L 13201 English miles from London, and it is situ- 
' ated in £■ longitude ; required the place i 

imwer. Divide li)20§ miles by 6yi milcB, or, 
[ wliich is the same thing, 2641 half miles by 139 
half miles, the quotient will give 19 degrees; 
I hence the required place is Petershurgii. 

2. A place in latitude 32 1" N. is 13SO gei» 
L ^aphical miles from London, and is situated JB 
\ W. longitude ; required the place ? 

An-sxver, Divide 1350 by 60, the quotieat is 
" so', or 22^ degrees ; hence the required pJUcG 
I ig the west point of the island of Madeira. 

. What place, in W. longitude and 13" N. 
fh latitude, is 3660 geographical miles from Liondon* 



LtTifen the longitude of a place and its 

/rom a g-iven place, to Jind that place iv/iert^' 
the longitude is given. 

Rule. If the distance be given in English or 
_ ographicalmileB,tumthemiiitodogreesby divid- 
ing by 69i for English miles, or BO for geograph- 
■cal miles ; then put that part of the graduated ] 
•dge of the quadrant of altitude which is marked j 
f), upon the givsn place, and move the other end f 
northward or southward (according as the 
quired place lies to the north or south of thftj 
given place,) till the degrees of distance cot thai 
given longitude : under the point of intcrsectkm 
'ou will find the plate aow^Hx. 



^^■^ Or, having reduced the miles into degrees, take 
the same number of degrees from the equator 
with a pair of compasses, and with one foot of the 
compasses in ihe given place, as a centre, and this 
extent of degrees, descrilie a circle on tlie globe ; 
bring the given longitude to the brass meridian, 
and you will iind the place, upon the circle, under 
the brass meridian. 

Examples, 1. A place in north latilnde, and in 
GO degrees west longitude, is 4239i English 
miles from London; required the place? 

Answer. Divide 4239f miles by 695 miles, or, 
which is the same thing, S479 half miles by 139 
half miles, the quotient will give 61 degrees ; 
hence the required place is the island of Bar- 
badoea. 

2. Aplace in north latitude, and in 75i degrees 
west longitude, is 3120 geographical miles from 
London; what place is it ? 

PROBLEM :iii. 

7"!! Jind how many miles make a degree of longi- 
tude in any given parallel of latitude. 
Rule. Lay the quadrant of altitude parallel to 
the equator, between any two meridians in the 
given latitude, xvhich differ in longitude 15 de- 
grees;* the number of degrees intercepted be- 
tween them multiplied by 4, will give the length 
of a degree in geographical miles. The geo- 
graphical miles may be brought Jn English miles 
by multiplying by 1 16, and cutting off two figures 
from the right hand of the produce. 

• The mepidians on Car /s globes are drawn llirougli evej'y 
ten degjeea. The rule will answer for these globes, bv 
reading (en degrees for 15 degreeB, »nj mulliplyiiig by '6 



Or, take the distance between two meridians, 
which diiFer in longitude 15 degrees in the given 
parallel of latitude, with a pair of compasses ; ap- 
ply this distance to the equator, and observe how 
many degrees it makes ; with which proceed as 
above. 

Since the quadrant of altitude will measure no 
arch truly but that of a great circle ; and a pair 
of compasses will only measure the chord of an 
arch, not the arch itself ; it follows, that the pre- 
ceding rule cannot be mathematically true, though 
sufficiently correct for practical purposes. When 
great exactness is required, recourse must be bad 
to calculation. 

Examples. 1. How many geographical and 
English miles make a degree in the latitude of 
Pekin. 

Answer. The latitude of Pekin is 40** north : 
the distance between two meridians in that lati- 
tude (which differ in longitude 15 degrees) is 114 
degrees* Now, 1 1 1 degrees multiplied by 4, pro- 
duces 46 geographical miles for the length of a 
degree of longitude, in the latitude of Pekin ; and, 
if 46 be multiplied by 116, the product will be 
5336; cXit off the two right hand figures, and the 
length of a degree in English miles will be 53. 
Or, by the rule of three, 15'' : 694°m. : : lit : 53 
miles. 

2. How many miles make a degree in the par- 
allels of latitude wherein the following places are 
situated ? 

Surinam. Washington. Spitzbergen. 

Barbadoes. Quebec. CapeVerd. 

Havannah. Skalholt. Alexandria. 

Bermudas I. North Cape. Paris. 
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PROBLEM XII 



To Jind the bearing of one place from anot/tir. 

Rule. If both the places be situated on thcaanic 
parallel of latitude, their hearing is either east or 
west from each other ; if they be situated on the 
same meridian, they bear north and south from 
each other; if they be situated on the same 
rhumb-liue, that rhumb-line is their bearing ; if 
they be not situated on the same rhumb-line, lay 
the quadrant of altitude over the two places, and 
that rhumb-line which is the nearest of being par- 
allel to the quadrant will be their bearing. 

Examples. 1. Which way must a ship steer 
from the Lizard to the island of Bermudas i 

Ar^xoer. W. S. W. ^ 

2. Which way must a ship steer from the Liz- 
ard to the island of Madeira '. 

Ansiver. S. S. W. 

S. Required ttw bearing between London and 
the following places ? 

Amsterdam. Copenhagen. Petersburg. 
Athens. Dublin. Prague. 

Bergen. Edinghurgh. Rome. 

PROBLEM xtr. 

To find the AnCaci, Perixci^ and Antipodes of any 
place > 

Rule. Place the two poles of the globe in the 
horizon, and bring the given place to the eastern 
part of the horizon ; then, if the given place be in 
north latitude, observe how many degrees it is to 
tiie northward of the east point of the horizon ; 
the same number of degrees to the southward of 
the cast point will shew the Anlceci; an equal 
number of degrees, counted from the west point 
of the horizon towards the north, viiU 'iK'^v* vW. 
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; and the same number of degrees, count- 
ed tnwarcis the south of tlie west, will point out 
the Antipodes. If the place be In south latitude 
the same rule will serve by reading south tor 
north, and the contrary. 

As the hour circle of gome globea is placed 
the outside of the brass meridian, and the poles 
cannot be placed in the horizon : the following 
method of solving this problem may be adopted. 

krOR THE ANTQiCI. 
Bring the given place to the brass meridian, 
and obacrve its latitude ; then in the opposite 
hemisphere under the same degree of latitude the 
AulcBci will be found. 

rOB THE FERIOICI. 

Bring the given place to the brass meridiaD, 
and observe its latitude, and set the index of the 
hour circle to 12; turn the globe until the index 
points to the lower 12 ; then under the degree of 
latitude of the given place, the Periteci will be 
found J and, 

U TOR THE ANTIPODES. 

P Keep the globe in the same position, and cast 

Ithe eye along the brass meridian, till a similar 

degree of latitude in the o/^/iosife hemisphere is 

observed, under that degree, is the place of the 

Antipodes. 

Examples. 1. Required the Antceci, PericGci, 
and Antipodes of the island of Bermudas ? 

Anstver. A place in Paraguay, a little N. W. 

of Buenos Ayres, is the Anireci ; the PeritEci is 

a place in China N. W. of Nankin ; and the 

S. W, part of New Holland is the Antipodes. 

2. Required the Antceci, Periceci, and Anti- 

, of the Cape of Good Hoi^e'. 



.1. Captain Cook, in one of his voyages, was 
in 30 degrees south latitude and 180 degreea of 
longitude ; in what part of Europe were his 
Antipodes ? 

PROBLEM XV. 

To find at what rate per hour the inhabitants of 

any given place are carried, from xuest to east, 

by the revolution of the earth on its axis. 

Rule. Find how many miles make a degree of 

longitude in the latitude of the given place (by 

Problem SIX.) which multiply by 15 for the 

answer.* 

Or, look for the latitude of the given place in 
the table, Problem IX, against which you will 
find the number of miles contained in one degree ; 
multiply these miles by 1 5, and reject two figures 
from the right hand of the product; the result 
will he the answer. 

Examples., I. At what rate per hour are the 
inhabitants of Madrid carried from west to cast 
by the revolution of the earth on its axis. 

Answer. The latitude of Madrid is about 40' 
N. where a degree of longitude measures 46 geo- 
graphical, or 53 English miles (see Example I. 
Problem Xr. Now 46 multiplied by ]j pro- 
duces 690, and 53 multiplied by 15 produces 795 : 
hence, the inhabitants of Madrid are carried 690 
geographical, or 795 English miles per hour. 

• Tlie reason of tliis rule is obvious, for, if «i be the tiiiiii- 
bcr of m'llea contained in a degree, WC liave 2'1 Uoiips : 300° 
■jim'-'-i bour to the answer i but, 34 is contnined IS limei 
ill 360 i llierefore, 1 hour : 15 5< m : : 1 hour to the answer ; 
lUit is, nn it supposition that the earth turns on its axis from 
ncatto east in 24 hours : but we have before observed iliat 
it turns on its asii in 23 liours 56 minutes 4 seconds, which 
v.'\\\ make it smnll ditlerence not worth notice. 
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At what rale per hour are tlic inhabitanteof 
the foltowing places carried from west to east by 
the revolution of the earth on its axis ? 
Skalholt. Philadelphia. Cape of Good Hopt. 
Spitzbergen. Cairo. Calcutta. 

Petersburg. Barbadoes. Delhi. 
London. Quito. Baiavia. 

PROBLEM XVI. 

A particular place and the hour of the day at that. 

place being given, to Jindivhat hour it ia atattg 

other place. 

Rule. Bring the place, at which the time is 
given, to the brass meridian, and set the in- 
dex of the hour circle to 12; turn the globe 
till the other place comes to the meridian, and the 
' hours passed over by the index will be the differ- 
ence of time bi-tween the two places. If the place 
where the hour is sought lie M the east of that 
wherein the time is givtn, count the difference of; 
time forward from the given hour ; if it lie to the 
'•Vest, reckon the difference of time backwardi 

Examples. 1. When it is ten o'clock in [ho 
morning at London, what hour is it at Peters- 
burg ? 

Anstuer. The difference of time is two hotirai 
and, as Petersburtr is eastward of London, Au 
difference must be counted forward, so that it ' 
twelve o'clock at noon at Petersburg. 

Or, the difference of longitude between Peters- 
burg and London is 30° 2a', which multiplied byl 
4 produces 2 hours 1 minute 40 seconds, the dif- 
ference of time shewn by the clocks of LondoD 
and Petersburg ; hence, as Petersburg lies to the 
east of London, when it is ten o'clock in the mora- 
London, it is one minute and forty seconds 
pusi twelve at Petersburg. 



I 2. When it is two o'clock in the afternaon at 

I Alexandria in Egypt, what hour is it at Phila- 

t delphia ? 

I Answer. The difference of time is seven hours ; 
and because Philadelphia lies to the west of Alex- 

> andrta, this difference must be reckoned hack- 
ward, so that it is eeven o'clock in the morning at 
Philadelphia. 

Or, The longitude of AlrsindTiaU SC" 16* E. 
The longitude of PlilliidelphU is 75 19 W. 

Diflerence of longitude 105 33 

• 4 

Difference of longitude in tiniE 7 li 3 m. 30 sec. 

I the clocks at Philadelphia are slower than those 

at Alexandria j hence, when it is two o'clock in 

the afternoon at Alexandria, it is 57 m. 40 sec. 

past six in the morning at Philadelphia 

3. When it is noon at London, what hour is it 
at Calcutta ? 

PROBLEM XVII. 

I A particular place and the hour of the day being 
given, to Jind all places on the globe -where it is 
then noony or any other given hour^ 

I Rule. Bring the given place to the brass me- 

I ridian, and set the index of the hour circle to 12 ; 

I then, as the dtflerence of time between the given 

[ and required places is always known by the pro- 
blem, if the hour at the required places be earlier 
than the hour at the given place, turn the globe 

I eastward till the index has passed over as many 
hours as are equal to the given difference of time ; 
but, if the hour at the required places be later 
than the hour at the given place, turn the globe 
westward till the index passes over as many houra 

^^|t*re equal to the given difference of tlnv^ \ %^N)3t.^ 
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in each case, all the places required will be fouail 
under the brass meridian. 

Examples. 1. When it is noon at Lon(lon,lt 
what places is it half past eight o'clock in die 
morning? 

Answer. The difference of time between Loit 
don, the given place, and the required places, ii 
3i hours, and the time at the required places ii 
earlier than thai at London; therefore, there* 
quired places lie 3i hours westward of London 
consequently, by bringing London to the br*a 
meridian, selling the index to 12, and turning tht 
globe eastward till the index passes over 3 1 hours, 
all the required places will be under the brai^ 
meridian ; as (he eastern coast of Newfoundland 
Cayenne, part of Paraguay, S(C. 

Or, the difference of time between London, thft 
given place, and the required places, is 3 " 
30 minutes. 

3 li JOm. TliEilltFerenceoflongltudebetwecntM' 

60 place and tliC required places ii Si'S' 

The hour at the required place* beii 

4-)al0m. earlier thui that at the given place, lb 

• lie 52° 30' westward of the given rjac 

52°— 2 Hence, all places situated in 52° 30* we.. 

60 longitude from London are the placet 

soug^ht, and will be found to te Cayenne, 

4)130 teas above. 

2. When is it two o'clock in the afternoon at 
London, at what places is it half past five in the 
afternoon ? 

Answer, Here the difference of time between 
London, the given place, and the required places, 
is 3' hours ; but the time at the required places 
is later than at London. The operation will be 
the same as in example 1 , only the globe must be 
turned 31 hours towards the west, because the re- 
quired places will be in east lonni.(.ude,ot eastward 
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•f the given place. The plades 8(iught are the 
Caspian sea, western part of Nova Zembla, the 
island of Socotra, eastern part of Madagascar^ Sec. 

3. When it is I past four in the afternoon at 
Paris, where is it noon ? 

4. When it is I past seven in the morning at 
Ispahan, where is it noon ? 

5. When it is noon at Madras, where is it half 
past six o'clock in the morning I 

6. At sea in latitude 40** north, when it was 
ten o'clock in the morning by the time-piece, 
which shows the hour at London, it was exactly 
nine o'clock in the morning at the ship, by a cor* 
rect celestial observation. In what part of the 
ocean was the ship ? 

r* When it is noon at London, what inhabitants 
of the earth have midnight I 

8. When it is ten o'clock in the morning at 
London, where is it ten o'clock in the evening i 

PROBLEM XVIII. 

To Jind the surCs longitude (commonly called the 
tWfCa place in the ecliptic) and his declination* . 

BuLE. Look for the given day in the circle of 
months on the horizon, against which, in the cir- 
cle of signs, are the sign and degree in which the 
sun is for that day. Find the same sign and de- 
gree in the ecliptic on the surface of the globe ; 
bring the degree of the ecliptic, thus found, to 
that part of the brass meridian which is number- 
ed from the equator towards the poles, its dis- 
tance from the equator, reckoned on the brass 
meridian, is the sun's declination.— This problem 
may be performed by the celestial globe, using, 
the same rule. 




BT THE ANALEMMA 

Bring the analemma to that part of the brisi 
meridian which is numbered from the cquaioi 
towards the poles, and the degree on the bran 
meridian, exactly above the day of the month, ii 
the sun's declination. Turn the globe till a point' 
of the ecliptic, correspondent to the day of the 
month, passes under the degree of the sun's deo 
lination, that point will be the sun's longitude a 
place for the given day. If the sun's declinatioi, 
be north, and increasing, the sun's longitude w31 
be somewhere between Aries and Cancer. If du 
declination be decreasing, the longitude will fit 
between Cancer and Libra. If the sun's decline 
tion be south, and increasing, the sun's longitude 
will be between Libra and Capricorn ; if the dejl 
lination be decreasing, the longitude will be \» 
tween Capricorn and Aric^. 

The sun's longitude and declination are givfl 
in the second page of every month, in the Nau£ 
cnl Almanac, for every day in that month : thqf 
are likewise given in White's Ephemeris, ftt 
every day in the year. 

* The Anftlemma is properly in orthngriphic projectial 
of the ephere on llie plane urth« incridiuii -. but wh&t is ctU- 
edUie Analemma on tbe g-lubc, is 3 narrow slip of paper) llH 

I len]^h of which ia equal to the breadth of the torrid »««. 

t It is pasted on some vacant place on tlie Elobe in tlie ttl^ 

zone, and is divided into montha.and days uf the months, «i^ 
respondent to the aun'a declination For every dsy in ihe jeif. 
It U divided into two parts ; the right hand part beg^ins attbe 
winter Holstics, or December 31st, and is reckoned npwanli 
to\rard9 the summer Bolslice, or June 2Jat, where tlie left 
band part begins which is reckoned downwards in a similit 
manner, or towards tlie winter solstice. On Gary's gloltei ^le 
Analemma somewhat resembles the figure 8 It appears U 
have been drawn in this shape Tor the convenience of «ho»' 
Ing: the equation of time, by means of a straight line wWch 

_ psusea tlirough the middle of it. Tlie equation of tUneiM 

^^_ piacedon thebor'uun of Biiv^\n'» ^Vibcs. ^t 
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Examples. 1. What Is the sun's longitude and 
declination on the 15th of April ? 

Answer. The sun's place is 26° in T» declina- 
tion 10° N. 

2. Required the sun's place and declination for 
the following days ? 

January 21. May IS. September. 9. 

February 7. June 11. October 16. 

March 16. July 11. November It. 

April 8. August 1. December 1. 



The month and day of the month he'm^ given, to 
Jind all places of the earth where the sun is ver- 
tical on that day; those places where the sun 
does not set, and those places where he does not 
rise on the g-iven day. 

Rule. Find the sun's declination (by Problem 
XVIII. )for the given day,and mark it on the brass 
meridian ; turn the globe round on its axis from 
west to east, and all the places which pass under 
this mark will have the sun vertical on that day. 
Secondly. Elevate the ^orth or south pole, ac- 
cording as the sun's declination is north or south, 
so many degrees above the horizon as are equal 
to the sun's declination : turn the globe on its axis 
from west to east; then, to those places which do 
not xlescend below the horizon, in that frigid 
zone near the elevated pole, the sun does not set 
on the given day ; and to those places which do 
not ascend above the horizon, in that frigid zone 
adjoining the depressed pule, the sua does not 
rise on the given day. 

Examples. I. Find all places of the earth where 
the sun is vertical on the llth of May ; those 
places in the north frigid zone where the sun does 
not set ; and those places in the south fci^vd. i.'^k'&s, 
ifiiere be does not rise. 



,^A 1 



lOS 

Aruwer. The sun is vertical to St. Anthony, 
one of the Cape Verd islands, the Virgin Islands, 
south of St. Domingo, Jamaica, Golconda, &c. 
All places within eighteen degrees of the sonh 
pole will have constant day; and those, if any, 
whithin eighteen degrees of the south pole will 
have conslMOt night. 

2. Whether docs the sun shine over the north 
or south pole on the 27th of October ? to what 
places will he be vertical at noon f what inhabit- 
ants of the earth will have the sun below their hor- 
izon during several revolutions, and to what 
part of the globe will the sun never set on that day! 

3. Find all the places on the earth where the in- 
habitants have no shadow when the sun is on their 
meridian, on the first of June. 

4. What inhabitants of the earth have their 
shadows directed to every point of the compass 
during a revolution of the earth on its asis, on the 
15th of July? 

5. How far docs the sun shine over the south 
pole on the 14th of November ,' what places m 
the north frigid zone are in perpetual darkness} 
and to what places is the sun vertical ? 

6. If the sun be vertical at any place on the 151 
of April, how many days wdl elapse before he il 
vertical a second time at that place ? 

7. If the sun be vertical at any place on 
20lh of August, how many days will elapse 
fore he is vertical a second time at that place J 

8. Find all places on the earth where the mi 
was vertical on the 15th of May, 1808.* 

• To perform tliis example, find the moon's dtclinatloiial 
the given day in the Nuutical Almanac, und murk it on t 
brass meridian; all places passing under thai degree oSd> 
Jiniition will have the miion vertical, or nearly so, on f 
giver day. The mii'.n's deeliriatiou at midnight on the 1, 
«/■ Ma/ 1808 was U" 34' aowVi. 
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PROBLEM \X. 



^place ieiiiff ^iveii in the torrid ztrnf, to find 

those two days of the year on which the sun luUL 

be vertical at that place. 

Rule. Bring the given place to that part of 
the brasB meridian which ia numbered from the 
equator towards the poles, and mark its latitude ; 
turn the globe on its axis, and observe what two 
points of the ecliptic pass under that latitude ; 
seek those points of the ecliptic in the circle of 
signs on the horizon, and exactly against them, 
in the circle of months, stand the days required. 

Examples. 1. On what two days of the year 
will the sun be vertical at Madras.' 

Answer. On the 25th of April, and on the ISth 
of August. 

2. Ou what two days of the year is the sun 
vertical at the following places ? 
O'why'hee. St. Helena. Sierra Leone. 

Friendly Isles. Rio Janeiro, Vera Cruz. 
Porto BcUo. Barbadoes. IVIanilla. 

PROBLEM XXI. 

The month and the duy of the month bein^ given 

Cat any place nat in the frig-id zones, J to' find 

what other day of the year is of the same length. 

Rule. Find the sun's place in the ecliptic for 

the given day (by Problem XVII I.) bring it to the 

brass meridian, and observe the degree above it ; 

turn the globe on its axis till some other point of 

the ecliptic falls under the same degree of the 

meridian ; find this point of the ecliptic on ihe 

horizon, and directly against it you will find the 

day of the month required. 

This Problem may be performed by the celes- 
tial globe in the same mantlet. 
10 



OR, WITHOUT A GLOBE, 

Any two days of the year which are of ihe 

length, will be an cquaL number of dajrs 

the longest or shortest day. Hence, what- 

Ptvcr number of days the given day is before the 

f longest or shortest day, just so many days will the 

[ required day be after the longest or shortest day, 

•t contra. 

Examples. 1. What day of the year is of th* 
lame length as the 25th of April l 
Answer. The 18th of August. 

2. What day of the year is of the same length 
6 the 2Jih of May i 

3. If the sun rise at four o'clock in the morn- 
ing at London on the 1 7ch of July, on what other 

^ay of the year wilt it rise at the same hour ? 



PROBLEJI XXII. 

'le month, day, and hour of the day heln^ ffnea, 
to find where the sun is vertical at that tA- 



to find 
slant. 

Rule. Find the sun's declination and mark 
on the brass meridian ; bring the g;tvcil 
Mace to the brass meridian, and set the index 
(pf the hour circle to twelve ; then, if the given 
be before noon, turn the globe weat- 
as many hours as it wants of noon ; but, if 
iven time be past noon, turn the globe eastr , 
ird as many hours as the time is past nooo ; 
^e place exuctly under the degree of the sua's 
|te,criuation will be thiit sought. 
f Examfiies, 1. When it is forty minutes past 
o'clock in the morning at London, on die 
■Sth of April, where is the sun vertical i 

Ana-wer. Here the given time is fi.ve hours . 
jtwenty minutes before noan-, Vetiit iXw ^^uc^ 



' must be turned towards the west till the index 
has passed over five hours twenty minutea, and 
under the sun's declination on the brass meridian 
you will find Madras, the place required. 

2. When it ia-fciur o'clock in the afternoon at 
London, on the 18th of August, where is the sun 
vertical ? 

Answer. Here the given time is four hours 
past noon j hence, the globe must be turned to- 
wards the east, till the index has passed over four 
hours ; then, under the sun's declination, you 
will find Barbadoes, the place required. 

3. When it is three o'clocic in the afternoon 
at Boston, on the fourth of January, where is 
the sun vertical ? 

4. When it is three o'clock in the morning at 
Paris, on the Ilth of April, where is the sun 
vertical I 

PROBLEM XXIir. 

The month, day, and hour of the day at any place 
beinggiven, to Jind all those places of the earth 
Vihere the sun is rising-, those places where the 
sun is setting; those places that have noon, that 
particular place where the sun is vertical, those 
places thai have morning' ttvilig'ht, mid those 
places that have evening twilight, and those 
places that have midnight. 
Rule. Find the sun's declination and mark 
it on the brass meridian ; elevafe the norih 
or south pole, according as the sun's declina- 
tion is north or south, so many degrees 
above the horizon as are equal to the sun's de- 
clination ; bring the given place to the brass mer- 
idian, and set the index of the hour circle to 
twelve ; then, if ihe given time be before noon, 
turn ihc globe westward as many hours as it 

Kls of noon; but, if the ^iven time, ht ^isa. 
t, luni the globe eastwavd b,^ w'i.wf V«i^w^ ■^•'- Ji 
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the time is past noon ; keep the globe in this p»- 
Bition J then all places along the western edge of 
the horizon have the sun rising ; those places 
along the eastern edge have the sun setting j those 
under the brass meridian, above the horizon, have 
noon ; that particular place which stands under 
the sun's declination, on the brass meridian, has 
the sun vertical; all places below the west- 
ern edge of the horizon, within eighteen de- 
grees, have morning twilight ; those places which 
are below the eastern edge of the horizon, within 
eighteen degrees, have evening twilight; all the 
places under the brass meridian, below the hori- 
zon, have midnight ; all the places above the ho- 
rizon have day, and those below it have night or 
twilight. 

Examples. 1. When it isfifty-two minutes pa»t 
four o'clock in the morning at London, on the 
5th of March, find all places of the earth where 
the sun is rising, setting, &c. &c. 

Atiawer, The sun's declination will be foundj 
to be Gi" south ; therefore, elevate the south poIflT 
61" above the horizon. The given time beiDg^l 
seven hours eight minutes before noon (= 12 h.f 
— 4 h. 53 m.) the globe must be turned towards | 
the west till the index has passed over seven 1 
hours eight minutes.* Let the globe be fixed ii 
this position; then, 

The sun is rising at the western part of, t 
White Sea, Petersburg, the Morea in TurkeTJ 
&c. ' 

• The hour cirolei, in general, nre not divided into pari^l 
}esf thin n ijuarter of an hour, but tlic odd minutes ir - — ^ 

reckoned.' In this example, liaving-turned tiieg^lobe w 

till llie index has passed o»er eeven hours, then, beckU 
fillip miiiutcB oF'inie make one degree, reckon two ^erii 
on the equator eastward, and turn the globe tiUtUeyn 
under Ihc braas meridian. 



Setting at the e:\stei-n coast of Kamschatka, 
Jesus Island, Palmerslon Island, &c. between thi 
Friendly and Society Islands. 

Noon at the lake Baikal in Irkoutsk, Coch! 
China, Cambodia, Sunda Islands, &;c. 

Vertical at Batavia. 

Morning twilight at Sweden, part of Germany, 
the southern part of Italy, Sicily, the western 
coast of Africa along the jEihiopian Ocean, &c. 

Evening twilight at the north west extremity 
of North America, the Sandwich Islands, the So- 
ciety Islands, &c. 

Midnight at Labrador, New-Tort, western 
part of St. Domingo, Chili, and the western coast 
of South America. 

Day at the eastern part of Russia in Europe, 
Turkey, Egypt, the Cape of Good Hope, and all 
the eastern part of Africa, almost the whole of 
Asia, &c. 

Night at the whole of North and South Amer- 
ica, the western part of Africa, the British Isles, 
France, Spain, Portugal, &c. 

2. When it is four o'clock in the afternoon at 
London, on the 25th of April, where is the sun 
rising, setting, Etc. &c. ? 

Answer, The sun's declination being 13° north, 
the north pole must be elevated 13° above the 
horizon ; and, as the given time is four o'clock 
in the afternoon, the globe must be turned four 
hours toward the east ; then the sun will be rising 
at O'why'hee, &c. setting at the Cape of Good 
Hope, &c. it will be noon at Buenos Ayres, &c. ; 
the sun will be vertical at Barbadoes ; and, fol- 
lowing the directions in the problem, all the other 
places are readily found. 

3. When it is ten o'clock in the morning at 
Bos ton, on the longest day, to what countries is 

■un rising, setting, &c. feci 
' 10* 
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PROBLEM XSIV. 

'Tq find the time of the sun's rising and setting, 

and the length of the day and ni^/tt at am/ 

pktce. 

Rule. Find the sun's declination and ele- 
vate the norili or south pole, according ai 
the (IccliQation ia north or south, so many de> 
grccs above the horizon as are equal to the 
sun's declination; bring the given place to the 
brass meridian, and set the index of the hou( 
circle to twelve; turn the globe eastward till ihc 
given place comes to the eastern semi-cirde of 
the horizon, and the number of hours passed 
over by the index will be the time of the sun'i 
setting ; deduct these hours from twelve, and vou 
have the time of the sun's rising ; because the sun 
rises as many hours before twelve as it sets after 
twelve. Double the time of the sun's setting 
gives tlie length of the day, and double the time 
of rising gives the length of the night. 

By the same rule, the length of the longeal 
day, at all places not in the frigid zones, may be 
readily found ; for the longest day at all places in 
nordi latitude is on the 21st of June, or when thv 
sun enters Cancer; and the longest day at aB 
places in south latitude is on the 21st of DeceoH 
ber, or when the sun enters the sign Capricorn. , 

Examples, 1. What time does the sun risd 
and set at London ou the 1 7th of July, and whal 
ia ihe length of the day and night ? 

Answer. The sun sets at 8 and rises at (12— 
8 =} 4; the length of the day is sixteen houra, 
and the length of the night eight. The learne] 
will readily perceive that, if the lime at whi 
the sun rises be given, the time at which it seta 
together with the length of the day and nighf 
may be found wilhowt a globe ; if the leogth a 



the (lay be given, the length of the night, and the 
time the sun rises and sets may be found ; if the 
length of the night he given, the length of the 
day and the time the sun' rises and seta are easily 
known. 

2. At what lime does the sun rise and set at 
the following places, on the respective days men- 
tioned, and what is the length of the day and 
night ? 

London, l"th of May. Cape of Good Hope, 7 Dec. 

Gibraltar, Sad of July. Cape Horn, 23th January. 

Boinba}', 29tU January. WashinRlon.lSth Pec. 

Botany Bay, 20Lh FebruaiT. Petersburg, 24lli of Uctober. 
fckin, 30di April. lloslon, IStli Aug:- 

3. Find the time the sun rises and sets at every 
place on the surface of the glebe on the 21st of 
March, and likewise on the 23d of September. 

4. Required the length of the longest day and 
shortest night at the following places ; 

London Paris Pckin 

Petersburg Vienna Cape Horn 

Aberdeen Berlin Washington. 

5. How much longer is the 21st of June at 
Petersburg than at Alexandria ? 

G. How much longer is the 2Iat of December 
at Alexandria than at Petersburg ? 

7. At what time does the sun rise and set at 
Spitzbergen on the 5th of April ! 



The length of the day at any place hein^ given, 
to find the suites decUnallon, and the dity of the 
month. 

Rule. Bring the given place'to the brass mer- 
idian, and set the index to twelve ; turn the globe 
eastward till the index has passed over as many 
hours as are equal to half the length of the day ; 
keep the globe from revolving on iu g,&\s, w^!i 



p 



k. 



elevate or depress one of the poles till the given 
place exactly coincides with the eastern semi-jcbcle 
of the horizon j the distance of the elevated pole 
from the horizon, will be the sun's declination: 
mark the sun's declination, thus found, on the 
br^Bs mt-ridiun; turn the globe on its axis, and 
observe what two points of the ecliptic pass under 
this mark j seek those points in the circle of 
signs on the horizon, and exactlj' against them, 
in the circle of months, stand the days of the 
month required. 

Examples, 1. What two days in the year are 
each sixteen hours long at London, and what is 
the sun's declination? 

Answer. The 24ih of May, and the 1 rth of 
July. The sun's declination is about 21° north. 

a. What two days of the year arc each four- 
teen hours long at London \ 

3. On what two days of the year does the sun 
set at half past seven o'clock at Edinburgh ? 

PROBLEM xsvi. 

Tojindthe length of the lo7igest daij at any piac 
in the north* /rigid zone. 
Rule. Bring the given place to the northern 
point of the horizon, by elevating or depreBsil 
the pole, and observe its distance from the noi 
pole on the brass meridian ; count the same qui 
her of degrees on the brass meridian from thi 
equator towards the north pole, and mark thu 
place where the reckoning ends ; turn the globe 
on its axis, and observe what two paints of ih» 
ecliptic pass under the tibove mark ; find thoai 
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points of the ecliptic in the circle of signs on the 
horizon, and exactly against them, in the circle 
of months, you will find the days on which the 
longest day begins and ends. The day preceding 
the 21sl of June is thai on which the longest day 
begins at the given place, and the day following 
• the 21st of June is that on which the longest day 
ends : the space of time bttwecn these days is the 
length of the longest day. 

Examples. 1. What is the length of the long- 
est day at the North Cape, in the island of Mag- 
I geroe, in latitude 71" 30' north. 

Answer, The place is 185° from the pole; the 
I longest day begins on the 14th of May, and ends 
I on the 30th of July ; the day is, therefore, seventy- 
I sevett days long, that is, the sun does not set 
f during seventy-seven revolutions of the earth on. 
its axis. 

2. What is the length of the longest day in the 
north of Spitzbergen, and on what days does it 
begin and end ? 

' PBOBLEM XXVII. 

To jind the length of the longest night at any 
place in the north* frigid zone. 
Rule. Bring the given place to the northern 
point of the horizon, by elevating or depressing 
the pole, and observe its distance from the north 
pole on the brass meridian ; count the same num- 
ber of degrees on the brass meridian from the 
equator towards the south pole, and mark the 
place where the reckoning ends; turn the globe 
on its axis, and observe what two points of the 

• Thi» problem la equally applicable to any place in the 
Foinh frigid lone, and INe rule wUI be general by resding: 
ROulli for nei-ll>, and ibe eonlrsry ; likewise, instead of Llle 
;ist of Jlcccmber read (he2Ul oEiune. 
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ecliptic pass under ihe above mark ; find tho» 
points of the ecliptic in the circle of signs intht 
horizon, and exactly against them, ia the circlt' 
of months, you will find the days on which ihi 
longest night begins and ends. The day preeed* 
in g the 21st of December is that on which dit 
longest night begins at the given place, and tht 
day following the 21st of Uecember, is thattt 
which the longest night ends: the space of timt 
between these days,is the length of the longeatni^ 

Examples. 1. What is the length of the long- 
est night at the North Cape, in the island si 
Maggcroe, in latitude ri° 30' north ? 

Answer. The place is 18^° from the pole 
longest night begins on the 16th of November, 
and ends on the 27th of January : the nightii 
therefore seventy-three dava long, that is, theaoi 
does not rise during seventy-three revolutions of 
the earth on its axis. 

2. What is the length of the longest night 
the north of Spitzbergcn '. 



To find the number of days in which lite sun mn 
and seta at any place hi the north*firig-id zone. 
Rule. Bring the given place to the nonhen 
point of the horizon, (by elevating or depressing 
the pole,) and observe its distance from the north 
pole on the brass meridian ; count the same num- 
ber of degrees on the brass meridian, from ihe 
equator towards the poles northward and south- 
ward, and make marks where the reckoning ends ; 
observe what two points of the ecliptic, nearest 
to Aries, pass under the above marks ; these 
points will shew, upon the horizon, the end of 
lame mieht be fovmd foi- a pUce in the south frigid 
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the longest night and the beginning of the longest 
day; daring the time between these days the 
sun will rise and set every twenty-four hours : 
next observe what two points of the ecliptic, near* 
est to Libra, pass under the marks on the brass 
meridian ; find these points, as before, in the cir- 
cle of signs, and against them you will find the 
day on which the longest day ends at the given 
place, and the day on which the longest night 
begins ; during the time between these days the 
sun will rise and set every twenty-four hours. 

OR, THUS. 

The length of the longest day, by Example 1st, 
Problem XXVI. is *J*J days, the length of the 
longest night, by Examplelst, Problem XXVIL 
is 73 days ; the sum of these is 150, which de* 
ducted from 365, leaves 215 days. 

Examples. 1. How many days in the year 
does the sun rise and set at the north of Spitz- 
bergen ? 

2. How many days does the sun rise and set at 
Greenland, in latitude 75° north ? 

3. How many days does the sun rise and set 
2X the northern extremity of Russia and Asia t 

PROBLEM XXIX. 

To Jind in what degree of north latitude^ on any 
day between the 2\st of March and the 2ist of 
Juney or in what degree of south latitude^ on 
any day between the 23d of September and the 
21st of December y the sun begins to shine con* 
stantly without setting ; and also in what latitude 
in the opposite hemisphere he begins to be totally 
absent. 

Rule. Find the sun's declination and couwt 
the same number of degrees ixom \!tv^ xtfst^ 



pole towartla the equator, if the declmatioij 
be north, or from the south pole, if it 
south, and mark the point where the rcckoni 
ends; turn the globe on its axis, and all pUcW 
passing under this mark are those in which dS' 
sun begins to shine constantly without setting « 
that lime : the same number of degrees from tk 
contrary pole will point out all the places what 
twilight or total darkness begins. 

Examples. 1. In what latitude north, and e 
what places does the sun begin to shine withoni 
setting during several revolutions of the earth n 
its axis, on the 14th of May? 

Ansxver. The sun's declination is 184° oorft 
therefore all places in latitude TIS" north wiH^ 
the places sought, viz. the north cape in Laplaw^ 
the southern part of Nova Zt-mbla, Icy Cape, &c. 

2. In what latitude does the sun begin to shine 
without setting, on the 10th of April. 

PROBLEM XXX. 

Ant/ mcmher of days not exceeding 182, bei^ 

' ffiven, to find the parallel of north iatttudtis 

■which the sun does not setj'or that time. 

Rule. Count half the number of days from du 
Slal of June on the horizon, eastward or westwMJ, 
and opposite to the last day you will find the sub' 
place in the circle of signs ; look for the sign aw 
the degree on the ecliptic, which bring to tb 
brass meridian, and observe the sun's declination 
reckon the same number of degrees from the nord 
pole, on that part of the brass meridian which t 
numbered from the equator towards the poles 
and you will have the latitude sought. 

Examples. 1. In what degree of north latitude, 
and at what places, does the ^vtn cootittue aboi 
the horizon for sevei\tY-6t\e:n. ia'^'&X 



Answer, Half the number of days is 381, and, 
if reckoned backward, or towards the east, frum 
the 21st of June, will answer to the 14liv of 
May ; and if counted forward, or towards tliu 
west, will answer to the 30lh of July ; oa either 
of which days tht sun's declination is I8i degrees 
north, consequently the places sought are ISf from 
rtio north pole, or in latitude 71i degrees north : 
answering to the North Cape in Laplnnd, the 
south part of Nova Zemlila, Icy Cape, &c. 

2. In what degree of north latitude is the 
longest day 134 days, or 3216 hours in length ? 

FHOBLEM XXXI. 

To jind' the beginning, end, and duration of 
twilight at any place, on any given day. 
SuLE. Find the sun's declination ftir the given 
Axy and elevate the north or south pole, 
according as the declination is north or 
south; so many degrees above the horizon as 
are equal to the sun's declination ; screw the quad- 
rant of altitude on the brass meridian, over the 
degree of the sun's declination; bring the given 
place to the brass meridian, and set the index of 
the hour circle to twelve : turn the globe east- 
ward till the given place comes to the horizon, 
and the hours passed "over by the Index will shew 
the time of the sun's setting, or the beginning of 
evening twilight: continue the motion of the 
globe eastward, till the given place coincides with 
18° on the quadrant of altitude below the horizon, 
the time past over by the index of the hour circle, 
from the lime of the sun's setting will be the du- 
ration of evening twilight. The moniing twilight 
19 the same length. 
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Examplen' !• Required the beginning, end, and 
cturatian of morning and evening twilight at Lon- 
don, on the 19th of April ? 

Answer. The aun sets at two minutes put 
seven, and rises at RTty-eight minutes past four : 
the duration of twilight is two hours and seven- 
teen mtnuies ; consequently, evening twilight ends 
ut nineteen minutes past nine, and morning tni- 
light begins, or day breaks, at forty-one minutes 
past two. 

2- What is the duration of twilight at London 
on the 23d of September? what time does dark 
night begin I and at what time does day break in 
the morning? 

Atisrver. The sun sets at six o'clock, and iht 
duration of twilight is two hours ; conscquendy, 
the evening twilight ends at eight o'clock, and the 
morning twilight begins at four. 

S. Required the beginning, end, and duration 
of morning and evening twilight at Boston, on ibe 
25th of August. 

4< Required the beginning, end, and duration 
of morning and evening twilight at Cape Horn, 
on the 20ch of February. 

PROBLEM XXXIl. 

To Jind the beginning; end^and duration of con- 
stant day or tivUight at any place. 
Rule. Find the latitude of the given place, and 
add 16° lo that latitude J count the number of de- 
grees correspondent to the sum, on that part of 
the brass meridian which is numbered from the 
pole towards the equator, mark where the recki 
ing ends, and observe what two points of the eel 
jic pass under the mark ;* that point wherein th^ 



sun's declination is increasing, will show on tlie 
hoi-ieon the beginning of constant twilight; and 
that point wherein the sun's declination ia decreas- 
ing, will show the end of constant twilight. 

ixamjtles. 1. When do we begin to have con- 
stant day or twilight at London, and how long; 
does it continue ? 

Answer. The latitude of London is 514 '!-- 
grees north, to which add 18 degrees, the sum ia 
&9\, the two points of the ecliptic which pass un- 
der 69S arc two degrees in U, answering to the 
22d of May, and 29 degrees in es, answering to 
the 21st of July, so that from the 22d of May to 
the 21at of July, the sun never descends 18 de- 
grees below the horizon of London. 

2. When do the inhabitants of the Shetland 
islands cease to have constant day or twilight ? 

3. Can twilight ever continue from aun-aet to 
sun-rise at Madrid f 

PROBLEM XXXIIT. 

Tofmd the duration of twilight at the north pole. 
Rule. Elevate the north pole so that the equa- 
tor may coincide with the horizon ; observe.whac 
point of the ecliptic, nearest to Libra, passes un- 
der 1 8° below the horizon, reckoning on the brass 
meridian, and find the day of the month corres- 
pondent thereto ; the time elapsed from the 23d 
of September to this time will be the duration o{ 
evening twilight. Secondly, observe what point 
of the ecliptic, nearest lo Aries, passes under IS" 
below the horizon, reckoned on the brass meri- 
dian, and find the day of the month correspond- 
ent thereto; the time elapsed from that day to 

atant Iwilig^hl at tiie given plscc : viz, lo llie given lalit^ilc 
■rid IB Je^'rees, atld subtract the .sum fnim 9J, if Hie re- 
mftinder e:icced 23^ Ucgi'ces, itiero can lie no Qonstuni vwi. 
lifht «t tiie g7Vei> place- 
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the 21st of March will be the duration of mora- 
ing twilight. 

Example. What is the duration of twilight at 
the north pole, and what is the duration of dark 
night there i 

PROBLEM XXXIV. 

To find the sun^s meridian altitude at any time oj 
the year at any given place* 

Rule. Find the sun's declination, and elevate 
the pole to that declination ; bring the g^iven place 
to the brass meridian, and count the number of 
degrees between it and the horizon ; these de- 
grees will show the sun's meridian altitude. 

Examples. 1. What is the sun*s meridian al- 
titude at London on the 21st of June I 

Answer* 62 degrees. 

2, What is the sun's meridian altitude at Lon- 
don on the 21st of March ? 

3, What is the sun's least meridian altitude at 
London ? ^ 

4, What S the sun's greatest meridian altitude 
at Boston ? 

5, What is the sun's meridian altitude at Mad- 
ras on the 20th of June ? 

6, What is the sun's meridian altitude at Bos- 
ton on the 15th of January? 

PROBLEM XXXV. 

When it is midnight at any place in the temperate 

or ton id zones^ to find the siin^s altitude at any 

place Con the ^arne meridiayij in the north 

frigkd zone^ where the sun does not descend be- 

low the horizon. 

Rule. Find the sun's declination for the given 
ad elevate the pole to that declination ; bring 
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the place, in the frigid zone, lo that part of the 
brass meridian which is numbered from the north 
pole towards the equator, and the number of de- 
grees between it and the horizon will be the sun's 
altitude. 

Examples. 1. What is the sun's altitude at the 
North Cape in Lapland, when it is midnight at 
Alexandria in Egypt on the 21st of June ? 

Answer. 5 degrees. 

2. When it is midnight to the inhabitants of 
the island of Sicily on the 22d of May, what is 
the sun's altitude at the north of Spitzbergen, iu 
latitude 80° north ? 

» PROBLEM XXXVI. 

Tojind the sun's ampHlude at any place. 

Rule. Elevate the pole so many degrees 
above the horizon as are equal to the latitude of 
the given place ; find the sun's place in the eclip- 
tic, and bring it to the eastern semi-circle of thf 
horizon; the number of degrees from the sun's 
place to the east point of the horiaon will be the 
rising amplitude: bring the sun's place to iht 
western semi-circle of the horizon, and the num- 
ber of degrees from the sun's place to the west 
point of the horizon will be the setting amplitude. 

Examples. 1. What is the sun's amplitude at 
Jiondon on the 21st of June ? 

Ans:xver. 39° 48' to the north of the cast, and 
39° 48' to the north of the west. 

2. On what point of the compass does the sun 
rise and set at Boston on the 17th of May ? 

3. On what point of the compass does the sun 
rise and set at the Cape of Good Hope on the 
21st of December? 

4. On what point of the compass does the sua 
rise and set on the 21st of March ? 

II* 
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5. Oq what point of the compass does the ^un 
rise and set at Washington on the 21st of October ^ 

6. On what point of the compass does the sun 
rise and set at Petersburg on the 18th of De- 
cember ? 

PROBLEM XXXVII. 

Tojind the surCs azimuth and his altitude at any 
place^ the day and hour being given. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, vand screw the quadrant of altitude on the 
brass meridian, over that latitude ; find the sun^s 
place in the ecliptic, bring it to the brass meridian, 
and set the index of the hour circle to twelve ; 
then, if the given time be before noon, turn the 
globe eastward* as many hours as it wants of 
noon ; but, if the given time be past noon, turn 
the globe westward as many hours as it is past 
noon ; bring the graduated edge of the quadrant 
of altitude to coincide with the sun's place, then 
the number of degrees on the horizon, reckoned 
from the north or south point thereof to the grad- 
uated edge of the quadrant, will shew the azi- 
muth ; and the number of degrees on the quadrant, 
counting from the horizon to| the sun's place, will 
be the sun's altitude. 

Examples, 1. What is the sun's altitude, and 
his azimuth from the north, at London, on the 
first of May, at ten o'clock in the morning ? 

•WI.enever the pole is elevated for the latitude of the place, 
the pioper motion of the globe is from east to west, and the 
6iin is on the east side of the brass meridian in the morning', 
:ind on the west side in the afternoon ; but, when the pole 
is elevuted for the sun's declination, the motion is from west 
to east, and the place is on the west side of the meridian in 
the morning-, and on the oast side in the afterixoon. 
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Answer. The altitude is 47°, and the azimuth 
from the north 136°, or from the south 44' 

2. What is the sun's altitude and azimuth at 
Petersburg on the I3lh of August, at half past five 
o'clock in the morning ? 

3. What is the sun's azimuth and altitude at 
Antigua, on the 21st of June, at half past six in 
the morning, and at half past ten i 

PROBLEM XXXVIII. 

The latitude of the place, day of the month, and 

the xun'i altihcde. being given, to find the sun's 

azimuth and the hour of the day. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, and screw the quadrant of altitude on the 
brass meridian, overthat latitude ; bring the aun'g 
place in the ecliptic to the brass meridian, and set 
the index of the hour circle to twelve; turn the 
globe on its axis till the sun's place in the ecliptic 
coincides with the given degree of altitude on the 
quadrant; the hours passed over by the index of 
the hour circle will shew the time from noon, 
and the azimuth will be found on the horizon, as 
in the preceding problem. 

Examples. 1. At what hour of the day on the 
2Istof March is the sun's altitude 22^° at London, 
and what is his azimuth? The observation being 
made in the afternoon. 

Aniwer. The time from noon will be found to 
be 3 hours 30 minutes, and the azimuth 59° I' from 
the south towards the west. Had the observation 
been made before noon, the time from noon would 
have been 34 hours, viz. it would have been 30 
miautes past eight in the morning, and the azi- 
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muth would hnve been 59° 1' from the south to- 
wards thi 

2. Ai what hour on the 9th of March U ths 
eun's altitude 25° at London, and what is Vu 
azimuth? The observation being made m tbt 
forcnooD. 

PROBLEH XXXIX. 

Given the latitude of the place, and the day ofthl 

montliy to find at ivftat lime the sun ia due eatt 

or tvesi. 

Rule. Elevate the pole so many degrees abort 
the horizon as are equal to the latitude of the 
place, find the sun's place in the ecliptic, briog it 
to the brass meridian, and eet the index of the 
hourcircle to twelve} screw the quadrant of alti- 
tude on the brass meridian, over the given lab 
tudc, and move the lower end of it to the ead 
point of the horizon ; hold the quadrant in diil 
position, and move the globe on its axis till tbe 
suo'a place comes to the graduated edge <rf iht 
quadrant ; the hours passed over by the index 
from twelve will be the lime from noon when tht 
fiun is due east, and at the same time froa\ noon 
he will be due west. 

Examples. 1. At what hours will the sun (a 
due east at London on the 19th of May ; at whil 
hour will he be due west; and what will bis alti- 
tude be at these times ? 

Answer. The lime from 12, when the sun ij 
due east, is four hours 54 minutes ; hence the 
sun is due east at six minutes past seven o'cloct: 
in the morning, and due west at 54 minutes past 
four in the afternoon ; the sun's altitude may be 

■Tlie learner U' lit obierve, that the sun liai th« e«nieilli' 
tude at Fqiis) digtances from noun ! Iiencp it is neccnsary to 
say wlietbcr tlie observation be made before cr aiXer nooa 
otherwise the problem admits of two answers. 
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found at the same time, as in Problem XXXVII. 
In this Example it is 25° 26'. 

'2. At what hours will the sun be due east and 
west at London on the 2l3t of June, and on the 
21st of December; and what will be his altitude 
above the horizon on the 21st of June ! 

PROBLEM XL. 

Given the aiin^s meridian altitude, and the day of 
the months to find the Uitilude of the place. 
Rule. Find the sun's place in the ecliptic, and 
bring it to tliat part of the brass meridian, which 
is numbered from the equator towarda the poles ; 
then, if the sun was south* of the observer when 
the altitude was taken, count the number of de- 
grees from the sun's place on the brass meridian 
towards the south point of the horizon, and mark 
where the reckoning ends ; bring this mark to 
coincide with the south point of the horizon, and 
the elevation of the north pole wijl shew the lat- 
itude. If the sun was north of the observer when 
the altitude was taken, the degrees must be count- 
ed in a similar manner, from the sun's place to- 
wards the north point of the horizon, and the 
elevation of the south pole will shew the latitude. 



The length of the longest day at any place^ not 
within the palar circles being- given, to find the 
latitude of that place. 

Rule. Bring the first point of Cancer or Cap- 
ricorn to the brass meridian, (according as the 

' It Is necessary to ( ' 

Boiith of the Dbacrvet al 
limited- 



place is on the north or south side of the eqna- 
tor,) and set the index of the hour circlftto 
twelve ! turn the globe westward on its axis, till 
the index of the hour circle has passed over at 
niany hours as are equal to half the length of Ae 
day ; elevate or depress the pole till the suo^ 
place (viz. Cancer or Capricorn) comes to tb 
horizon ; then the elevation of the pole will si 
' the latitude. 

Note. This problem will answer for any dayi 
the year, as well as the longest d^j', by bringiq 
the sun's place to the brass meridian, and pTOr 
ceeding as above. 

Examples. 1. In what degree of north latitudi^ 
and at what places is the length of the IcmgeK 
day 16i hours P 

Answer. In latitude 52°, and all places silD- 
ated OD, or near that parallel of latitude, have itt 
same length of the day. 

2. In what degree of south latitude, and ll 
what places is the longest day fourteen hours 

PROBLEM XLII. 

To find the sun's rig'ht ascension, oblijtie a 

sion, oblique descenaion, ascensional diffirtneif 

and time of rising and setting at any place. 

Rule. Find the sun's place in the ecliptic, J 

bring it to that part of the brass meridian, wblcl 

is numbered from the equator towards the poles 

the degree on the equator cut by the graduate 

edge of ihe brass meridian, reckoning from tT 

point Aries eastward, will be the sun's right as* 

cension. 

Elevate the pole so many degrees above ibc 
horizon as are equal to the latitude of the places 



bring the s 



5 place in the ecliptic to the eastcifl J 



part of the horizon, and the degree on the cqui 
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tor cut by the horizon, reckoning from the point 
Aries eastward, will be the sun's oblique ascen- 
sion. Bring the sun's place in the ecliptic to the 
western part of the horizon, and the degree on 
the equator cut by the horizon, reckoning from 
the point Aries eastward, will be the sun's ob- 
lique descension. 

Find the difference between the sun's right and 
oblique ascension ; or, which is the same thing, 
the difference between the right ascension and 
oblique descenaion, and turn this difference into 
time by multiplying by 4; then, if the sun's de- 
clination and the latitude of the place be both of 
the same name, viz. both north or both south, 
the sun rises before six, and sets after six, by a 
space of time equal to the ascensional difference ; 
but if the sun's declination and the latitude be 
of contrary names, viz. the one north and the 
other south, the sun rises after six, and sets be- 
fore six. 

Examples. 1. Required the sun's right ascen- 
sion, oblique ascension, oblique descension, ascen- 
sional difference, the time of rising and setting 
at London, on the 15th of April. 

Ans-wer. I'he right ascension is 23° 30', the 
oblique ascension is 9° 45', the ascensional differ- 
ence (23= i<y — 9" 45' =) 13° 45' or fifty-five 
minutes of time ; consequently the sun rises fifty- 
five minutes before 6, or five minutes past 5, and 
seta fifty-five minutes past 6. The oblique de- 
cension is 37° 15'; consequently the dtscensional 
difference is {il" 15' — 23" 30' =) 13° 45', the 
same as the ascension.il difference. 

2. What are the sun's right ascension, oblique 
ascension, and oblique descension, on the 27th of 
September at London ? what is the ascensional 
difference, and at what time does the sun rise 
and set ? 
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PROBLEM XLItl. 

VSenthe Jay of the month, and the sun's ampli- 
tude, to find the latitude of the place of obsena' 
thn. 

Rule. Find the sun's place in the ecliptic, and 
bring it to the eastern or western part of the i)o- 
rizon, (according as the eastern or western am- 
plitude is given,) elevate or depress the pole till 
the sun's place coincides with the given amplitude 
on the horizon, then the elevation of the pole will 
show the latitude. 

OR THUS : 

Elevate the north pole to the complemen^Sf 
the amplitude, and screw the quadrant of |I> 
titude upon the brass meridian, over the saiU 
degree ; bring the ec[uinoctlal point Aries to 1^ 
brass meridiiiD, and move the quadrant of ahitnA' 
till the sun's declination for the given day (count' 
cd on the quadrant) coincides with the equator] 
the number of degrees between the point Ari( 
and the graduated edge of the quadrant will 
the latitude sought. 

Examples. 1. The sun's amplitude was 
served to be 39° 48' from the east towards 
north, on the 21st of June; required the l%titi 
of the place ? 

Answer. 31° 32' north. 
2. The sun's amplitude ivns observed to be' 
15° 30' from the cast towards the north, at the 
same time his declinatia 
the latitude ? 

* The eompletncnt oF tlie amplitiitle i» found by subtract- 
ing' the ampliiuUc from 9b°. Tlie rule 1» exactly tlic sftow 
as above ; ,fnt it is formed from R right angled s{iheric*t 
triangle, the base beibfr the. ooniplcmeiit of the tinipliiuilei 
the pciTjendiciilut the latitude of the place, ami the bj'pO' 
thenuie the complement oCilie lou'aiec^'ias'JMJw 



5° 30'; required 
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^hmoer. The latitude was nothing. 
^-3. On the 29tli of May, when the sun's decim- 
ation was 21° 30* north, his rising amplitude was 
known lo he 32° northward of the east; required 
the latitude ?, 

Answer. 12° north. 

4. When rhe sun's declination was 3 north, 
his rising amplitude was •t" north of the cast; 
required the latitude? 

Answer. 60° north. 

PROBLEM XLIV. 

The day and hour being' given rvhen a solar eclipse 
7viU happen, tojtnd where it loill be visible. 
Rule. Find the sun's declination, and elevate 
the pole agreeably to that dcclin.ilion j bring the , 
place, at which the hour is given, to that part of 
the brass meridian, which is numher-^d from the 
equator towards the poles, and set thi index of 
the hour circle to twelve; then, if the given time 
be before noon, turn the globe westward till the 
index has passed over as many hours as the given 
time wants of noon ; if the time be jta-it noon, turn 
the globe eastward as many hours as if is past 
noon, and exactly under the degree of the sun's 
declination on the brass meridian, you will find 
the place on the globe where the sun will be ver- 
tically eclipsed : at all places within TO degrees 
of this place, the eclipse may* be visible, espe- 
cially if it be a total eulipse. 

■ When the moon is exactly in llie node, and wben the 
alia of the moon's shiidow and penujnbr* pusg thioagli ifie 
centre of the earth, tliebrexdili of iiieeai til's surface under 
the penuinb»1 shadow is TO' 2C/; hur the breadih of this 
phsdow 19 variable i and, if il be not ack'iiralelj' •I'etcpuiined 
*■ - - '- latinn, it is imposBihle to tell liy the gloOe to what 
n eclipse of the sun will be visible. 
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Example. On the 11th of February 1804, at 
twenty- seven minutes past ten o'clock in the 
at London, there was an eclipse of the 
Bim; where was it visible, supposing the moon's 
penumbral shadow to extend northward seventy 
degrees from the place where the sun was verti- 
cally eclipsed ? 

AnsTver. London, 8cc. 



PROBLEM XLV. 

The day and hour hein^ given when a lunar ecliptt 
■will happen, tojiiid where it will be visible. 
Rule. Find the sun's declination for the given 
day, and note whether it be north or south ; if it 
be north, elevate the south pole so many degree* 
above the horizon as are equal to the declination ; 
if it be Bouth, elevate the north pole in a simiUi 
manner; bring the place at which the hour is 
given, to that part of the brass meridian which is 
numbered from the equator towards the poles, 

tand set the index of the hour circle to twelve; 
then, if the given time be before noon, turn the 
. globe westwitrd as many hours as it warns of nooo} 
if afternoon, turn the globe eastward as mnny 
hours as it is past noon; the place exactly undui' 
the degree of the sun's declination will be thft' 
antipodes of the place where the moon is veru- 
cally eclipsed. Set the indes of the hour cirde 
again to twelve, and turn the globe on ita bx^ 
till the index has passed over twelve hoursji 
then to all places above the horizon the eclips(i> 
will be visible; to t'losc phtces along the west' 
cm edge of the hoiieon the moon will rial 
eclipsed ; to those along the eastern edge sht 
will set eclipsed ; and to that place immediately 
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under the sun's declination the moon will be 
vertically eclipsed. 

Example, On ihe 26th of January 1804, at 
fifty-eight minutes past seven in the afternoon, 
at London, there was an eclipse of the moon ; 
where was it visible ? 

Answer. It was visible to the whole of Europe, 
Africa, and the continent of Asia. 



To explain the phenomenon of the harvest moon. 

De/itiithn 1. The harvest moon in north lat- 
itude, is the full moon which happens at, or near, 
the time of the autumnal equinox ; for to the in- 
habitants of north latitude, whenever the moon 
is in Pisces or Aries, fand she is in these sittns 
twtlv..- liuK-s in a yc;ir,) iliiro is vnry liulc dili.-r- 
cnce between her times of rising for several nights 
together, because her orbit is at these limes nearly 
pnr.illcl to [he horizon. This peculiar rising of 
the moon passes unobserved at all times of the 
year, except in September and Ociofier ; for there 
can never he a full moon, except the sun be di- 
rectly opposite to the moon ; and as this particu- 
lar rising of the moon can only happen when the 
moon is in K Pisces or if Aries, the sun must 
necessarily he either in nj Virgo or ^ Libra at 
that time, and these signs answer to the months 
of September and October. 

Diifin'fhn 2. The harvest moon, in south lati- 
tude, is the full moon which hnppcns at, or near, 
the time of the vernal equinox; for, to the in- 
habitants of south latitude, whenever the moon 
is in ti^ Virgo or Libra i^, (and she is in these 
signs twelve times in a year,} her orbit is nearly 
p^ir^illel ti> the horizon ; but, when the full moon 
happens in ■■% Virgo or ^ Libra, the sun must 
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f te either in K Pisces or v Aries. Hence it 
1 appears ihai the harvest moons arc just as regu- 
I lar in south latitude as they are in north tat- 
• iiude, only they happen at contrary times of the 
[ year. 

Rule for performing the problem. 1. Fornonli 
I, latitude. Elevate the north pole to the latitude 
\ of the place, put a patch or make a mark in the 
\ tcliptic on the point Aries, and upon every twelve* 
degrees preceding and following that point, till 
there be ten or eleven marka; bring that mark 
which is the nearest to Pisces to the eastern edgt 
of the horizon, and set the index to twelve ; turn 
the globe westward till the other marks succes- 
sively come to the horizon, and observe the tioun 
I passed over by the index ; the intervals of time 
I between the marks coming to the horizon will 
L«lie\v the diurnal difference of time belvrcen the 
3 rising. If these marks be brought to the 
r western edge of the horizon in the same manner, 
f you will see the diurnal difference of time between 
r the moon's setting : for, when there is ihe smallest 
[ difference between the times of the moon's rising,! 
L there will be the greatest difference between ihJe 
I times of her setting : and, on the contrary^ when 
[ there is the greatest difference between the times 
' of the moon's vising, there will be the least tUf- 
ference between the times of her setting. 

Note. As the moon's nodes vary their pos!cia(t< 
and form a complete revolution in about uineieeD.' 

• Tlie reason wliy yoii mnrk every IwcWe degwes is, itA 

the moon gains 12° 11' of the siui in \i,c ecliptic eveiydMy 

■j- At LoTidoii ulien tlie moon iises in ilie poini AricK,4ltt 

ecliplio at tlial point makes an angle of only fifteen drgreM 

with llie horizon; bill, when she sets in ilie point Arie«,li 

[ inalces an angle of sixty-two deuces : uiid, u lien the mom 

trises in the point Libra, the ecliptic, at tliat poiiit, mak^ n 

I kngle of sixty-two degrees with the horizon ; but, when ^ 

I in the point Libra, it only makes aii angle of nTtevB it 

wilh the hurizou. 
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years, there will be a regular period of all the 
varieties which can happen in the rising and set- 
ting of the moon during that time. The following 
table, (extracted from Ferguson's Astronomy,) 
shews in what years the harvest moons are the 
least and most beneficial, with regard lo the times 
of their rising, from 1805 to 1860. The columns 
of years under the letter I-, are those in which 
the harvest moons are the least beneficial, because 
they fall about the descending node ; and those 
under M are the moat beneficial, because they 
fall about the ascending node. 
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1805 1823 1838 IBS* 

1806 1823 1839 1S55 
IBie I8'34 1840 1856 

1817 1835 1841 1857 

1818 1835 1843 1818 

1819 1836 1S43 1859 

1820 1837 1853 186Q 
1621 



PROBLEM XLVII. 



The dai/ and hour of an eclipse of any one of the- 

satellites of Jupiter being- g-iven, to find upon 

the globe all those places -where it tvill be visible- 

Rule. Find the sun's declination for the given 

day, and elevate the pole to that declination ; 

bring the place at which the hour is given to the 

brass meridian, and set the index of the hour 

circle to twelve ; then, if the given time be before 

noon, turn the globe westward as many hours as 

it wants of noon ; if after noon, turn the globe 

eastward as many hours as it is past noon ; fix 

the globe in this position: then, 

1. Jf Jupiter rise after the sun,* that ia, if he- 
be an evening star, draw a line along the eastera 
after the lun, when Iiis longitude is greater 
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edge of the horizon with a black lead pi:ncil, this 
line will pass over all places on the earth whert 
the sun is setting at the given hour j turn the 
globe westward on its axis till as many degree* 
of the equator have passed under the brass rae» 
ridian as are equiil to the difference between tbe 
bud's and Jupiter's right ascension; keep tbe 
glohe from revolving on its axis, and elevate the 
pole as many degrees above the horizon as art 
equal to Jupiter's declination, then draw anothet 
line with a pencil along the eastern edge of the 
horizon : the eclipse will be visible to every place 
between these lines, viz. from the time of the 
•un's setting to the time of Jupiter's setting. 

8. If Jupiter rise /before the sun,* that is, if he 
be a morning star, draw a line along the western 
edge of the horizon with a black lead pencil, thi> 
line will pass over all places of the earth where 
the sun is rising at the given hour j turn the 
globe eastward on iu axis till as many degree) 
of the equator have passed under the brass meri- 
dian as are equal to the difference between the 
sun's and Jupiter's right ascension ; keep die 
globe from revolving on its axis, and elevate the 
pole as many degrees above the horizon as are 
equal to Jupiter's declination, then draw another 
line with a pencil along the western edge of tbe 
horizon : the eclipse will be visible to every 
place between these lines, viz. from the time 01 
Jupiter's rising to the time of the sun's rising. 

Example. Ou the 13th of January 1805, 
there was an emersion of the first satellite of Ju- 
piter at nine minutes three seconds past five o'clock 
in the morning,at Greenwich; where was it visible! 

Answer, In this example the longitude of the 
sun exceeds the longitude of Jupiter; therefore 
Jupiter was a morning star, his declination being 
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19° 16' S. and !iis longitude seven signs 29' 46', 
by tDL- Niiuncal Almaaac: his right :isciiiaion 
and the sun's right ascension may be found bv th» 
globf ; for, if Jupiter's longitude in ihe ecliptic 
be brouglit to the brass meridian, his place will 
stvind under the degree of his declinalion ;• and 
his right ascension will be found on the equator, 
reckoning from Aries. This eclipse was visilile 
at Greenwich, thtf greater part of Europe, the 
west of Africa, Cape Verd Islands, &c. 

Tabic of Equation of Time. 
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is on auppnsition t1iat JupItEr mnves on the ecliptic, 

IB he deviates but little tijerefrirai, the Bolution, by this 

ir.eliiod, will be siifHciejitly accurutf - To know if sn eclipic 
of any one of the aatelliteB of Jupiter will be vinble at »ny 
place, we »re directed by Nautical Almanne, to "find 
whether Jupiter be 8° iibove the horizon of tJie place, Mid 
the Bun as much below it." 
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Dials may bit constructed on nil kinds oT pinnes, 
wlieiher horizotital or inclini-'cl : a vertical dial 
(ladc to face ihc south, or any 
point of the com|jass. To acquire a complete 
knowledge of dialling, the ynomonical pru- 
jection of the sphere, and the principles of spher* 
ical trigonometry, must be thoroughly understood i 
these preliminary branches may be learned front 
Emerson's Gnomonical Projection, and Keith'* 
Trigonometry. The writers on dialling are very 
numerous; the last and best treatise on the 8ul>> 
ject is Emerson's. 

Problems performed by the Celestial Ghhe, 

PROBLEM XLVIIt. 

I Tojind the right ascetmien and declination of the 
sun,* or a star. 

Rule. Bring the sun or siar lo that part of the 
bra^s meridian which is numbered from the equa- 
tor towards the poles ; the degree on the bratis- 
meridian is the declination, and the number of 
degrees on the eqiiinottial, helween the brasf.' 
meridian and ihe point Aries, is the right ascen- 
sion. 

Exnipplea. 1. Required the right ascensitm 
and declination of • Dubhe, in the back of the 
great Bear ? 

Answer. Right ascension 162° 49 declinatioir 
62° 48' N. 

2. Required the right ascensions and declina- 
tions of the following stars ? 

* The rig-bl aBcensmns and OecUnitinns of ihe moon Mift 
the plani-tt, miiBl be fdunil Trom aneplitme-is; becaujo, by 
tlitir cmiiinuHl cliKnge ofsAustion, ihej cannot be placci. 
~n tUe celeatiil globe, ai the stars are e^aceil. 




, Aig-enib, i 
«, Scheder, i 



^ 



I f agasus. 

I Cassiopeia. 



y, Rigel, in Ori 

^, Bellatrix, \a Orion. 



PROBLEM XLIX. 



^^^Kptjind the latitude and longitude of a star.* 

Rui-F.. Place the upper end of ihe quadrant of 
altitude on the north or south pole of the ecliptic, 
according as the star is on the nordi or south aide 
of the ecliptic, and move the other end till the 
star comes to the graduated edge of the quadrant ; 
the number of degrees between the ecliptic and 
the star is the latitude : and the number of de- 
grees on the ecliptic, reckoning eastward from the 
point Aries to the quadrant, is the longitude, 

Examples. 1. Required the latitude and longi- 
tude of " Aldebaran in Taurus ? 

Answer. Latitude 5° 28 S. Longitude 2 signs 
6° 53' ; or 6° 53' in Gemini. 

3. Required the latitudes and longitudes of t!ie 
oil owing stars? 

•a, Markab, in Pegnsus. <•, Vega, in Lyra. 
P, Scheat, in Pegasus. y, Hastaben, in Draco. 



The right ascension and descenston of a star, the 
moon, a planet, or of a comet, being given, to 
find its place an the globe. 
Rule. Bring the given degree of right ascen- 
sion to that part of the brass meridian which is 
numbered from the equinoctial towards the poles ; 
then, under the given declinatioa on the bra5s 
meridian, you will find the st.ir, or place of thi; 
planet. 

• The lutiUnlci nnd liinptiittcs of the [ilansls mu« be 



142 

Examples. 1. What star has 26 !• 29^ of right 
ascension, and 52° 2T north declination ? 
Answer. ^ in Draco. 

2. On the 20ih of August 1805, the moon's 
right ascension was 91° 3% and her declination 
2"^ 48' ; find her place on the globe at that time. 

Answer. In the milky way, a little above the 
left foot of Castor. 

3. What stars have the following right ascen- 
sions and declinations ? 

Kiji^iitA.scensions.Decliraions.RightA^censions.DecliDttioni. 

7^ 19' 550 26' N. 83* 6' 34* 11' S. 

11 11 59 38 N. 86 13 44 55 N 

25 54 19 50 N. 99 5 16 26Si 

PROBLEM LI. 

The latitude and lo)\gitude of the moony a star^ or 
a planet ^g IV en ^ to Jind its place on the globe* 

Rule. Place the division of the quadrant of 
altitude marked O, on the given longitude in the 
ecliptic, and the upper end, on the pole of the 
ecliptic ) then under the given latitude, on the 
graduated edge of the quadrant, you will find the 
star, or place of the moon, or planet. 

Examples. 1. What star has signs 6** 16' of 
longitude, and 12° 36' N. latitude? 

Ansrver. y in Pegasus. 

2. On the 5th of June 1810, at midnight, the 
moon's longitude was 3\ 26° 26', and her latitude 
4® 55' S. ; find licr place on the globe. 

3. What stars have the following latitudes and 
longitudes ? 

l.aiiliults. Long-ItiKlr-s liati'. udes L');"!g'ir'ules 

12° 35' S. 1'11°25' 39°33'S- 3M1°13' 

5 29 N. 2 6 53 10 4 N. 3 17 21 

4. Oil the first of June 1810, the longitudes 
and latitudes of the planets were as follow ; re- 
quired their places on the ^lobe I 



longitudes. Laliltidea. 
I 2 14° r 0° 32 N. 
h 8 12 20 1 4r N. 



Liing'ituiiei. LaliiuJct, 
i r 15' 47 0° 56' S. 



P]tOBL£M LII. 

The day and hour, and the latitude of a ptac 
ing given, to find what stars are rising, setting^ 
culminating, i^c. 
Rule. -Elevate the pole to the latitude of the 
place, find the sun's plact in the ecliptic, bring it 
to the brass meridian, and set the index of the 
hour circle to twelve ; then, if the time be before 
tioon, turn the globe eastward on its axis till the 
index has passed over aa many hours as the time 
wants of noon ; but, if the time be past noon, 
turn the globe westward till the index has passed 
over as many hours as the time is past noon : 
then all the stars on the eastern semi-circle of the 
horizon will be rising, those on the western semi- 
circle will be setting, those under the brass me- 
Tidian above tlie horizon will be cuLtniiiaCing, 
those above the horizon will be visible at the 
given time and place, those below, will be invisi- 
ble. If the globe be turned on its axis from east 
to west, those stars which do not go below the hor- 
izon never set at the given place; and those which 
do not come above the horizon never rise ; or, if 
the given latitude be subtracted from 90 degrees, 
and circles be described on the globe, parallel u 
the equinoctial, at a distance from it equal to tf 
degrees in the remainder, lliey will be the circX 
of perpetual apparition and occuliaiion. 

Examples. 1. On the 9th of February, when i^ 
is nine o'clock in the evening at London, Mhat 
stars are rising, what stars are selling, and whal 
stars are on the meridian. 






Answer. Alphacca in tlic northern Crown i 
rising; Arcturus and Mirach in Bootes juit I 
above the horizon ; Sirius on the meridian ; Pw- 
cyon and Castor and Pollux a little east of ihc 
meridian. The con sn.-ll.i lions Orion, Taorus, and 
Auriga, a little webt uf the meridian; MarkA 
in Pegaau5, just below the western edge of iht 
horizon, &c. 

2. On the 20th of January, at two o'clock a 
tht morning at Boston, what stars are rising, 
what sitirs are seltiug, and what su'rs are on at 
meridian i 

PROBLEM LIIT. 

.The latitude of a place, day of the month, andhMf 

being givm, to place the globe in such m mataut 

a$ to represent the heavens at that time ; i. 

dtr tojind out the relative iituation/t and n 

ofthr constellations and remarkable stars. 

Rule. Take the globe out into the open air, a 

a clear star-light night, ivhi-re the surroundtr| 

horizon is uointerrnpted by different objects ; 

vatf the pole to the latitude of the place, and set 

the globe due north and south by a meridian linCi 

or by a mariner's compass. Inking cure to make 1 

proper allowance for the variation ; find the suv't 

place in the ecliptic, bring ic lo the brass mert 

dian, and set ih'.- index of tht hour circle to 13 

then, if the time be after noon, turn the globi 

westward on its axis till the indtx. haa pass<4 

over as many hours as the time is past noon 

but, if the time be before noon, turn thr globe 

eastward till the index has pMbsed ov<-r as man 

hours as the time wants uf notin -. fix the globi 

this position, then the flat end of n pencil bein^ 

placed on any star on the globe, so as to poin 

towards the centre, the other end will point 

that particular star iti. the Keaveaa. 



A 



PKOBLEM LIV. 

To find when any slar, or planet, xvUJ rise, eomt 
to the meridian, and set at any given place. 
Rule. Elevate the pole so many degrees above 
ihe horizon as are equal to the latitude of th<» 
place ; find the sun's place in the ecliptic, bring 
it to the brass meridian, and set the index of the 
hour circle to twelve; bring the slar, (or the 
planet's place*) to the eastern part of the horizon, 
and the hours between the sun's place and the 
brass meridian, will be the lime froni noon when 
the star or planc-t rises. If the sun's place be to 
the east of the brass meridian, the slar or planet 
will rise before noon ; if the sun's place be to the 
west of the brass meridian, the star or planet will 
rise after noon. In a similar manner, by bringing 
the star or planet to the meridian, and western 
part of the horizon, you will have the times of its 
culminating and selciug. 

Examples. I. At what time will Arcturus 
rise, come to the brass meridian, and set at Lon- 
don, on the 7lh September? 

Anitiver. It will rise at seveti o'clock in the 
morning, come to the meridian at three in the af- 
ternoon, and set at eleven o'clock at night. 

2. On the first of August 1805, the longitude 
of Jupiter was seven signs, twenty-six degrees, 
thirty-four minutes, and his latitude forty-five 
minutes, N. ; at what time did he rise, culminate, 
and set, at Greenwich, and whether was he a 
morning or an evening star? 

Answer. Jupiter rose at half past two in the 
afternoon, came to the meridian at about ten niin. 
utes to seven, and set at a quarter past eleven in 



t 
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euing. Here Jupiter was an evcniag siar, 
because he set after the sun. 

S. At what lime does Slrius rise, set, and come 
lo the meridian of Boston, on the 31st of Janu- 
ary ? 

PROBLEM LV. 

To find the amplitude of any star, its oblifue as- 
cension and descension, and its diurnal arch, fit 
any given day. 

Rule. Elevate the pole to the latitude of the 
place, and bring the given star to the eastern part 
of the horizon; then the number of degrees be- 
tween the star and the eastern point of the hori- 
zon will be its rising amplitude; and the degree 
of the equinoctial cut by the horizon will be the 
oblique ascension : set the index of the hour circle 
to twelve, and turn the globe westward till the 
given star comes to the western edge of the bori' 
■zon ; the hours passed over by the index will ba 
the star's diurnal arch, or continuance above tlu 
horizon. The setting amplitude will be the num- 
ber of degrees between the star and the western 
point of the horizon, and the oblique descensioD 
will be represented by that degree of the equi- 
noctial which is intersected by the horizon, reck- 
oning from the point Aries. 

Examples. 1. Required the rising and aetting 
amplitude of Sirius. its oblique ascension, oblique 
descension, and diurnal arch, at London i 

Answer. The rising amplitude is twenty-scvtn 
degrees to the south of the east ; setting amplitude, 
twenty-seven degrees south of the west; oblique 
ascension 120 degrees; oblique descension seventy- 
seven degrees; and diurnal arch nine hours ais 
minutes. , 




2. Required thi 
of Aldebaran, ics 
sceasion, and diurnal arch. 



The latitude of a place g-'tven, ta find the time of 

the year at which any known star rises or sets 

achronically, that is, when it rises or sets at 

sun setting. 

Rule. Elevate the pole to the latitude of the 
place, bring the given star to the eastern edge 
of the horizon, and observe what degree of the 
ecliptic ia intersected by the western edge of the 
horizon, the day of the month answering to that 
degree will show the time when the star rises at 
sun-set, and consequently, when it begins to be 
visible in the evening. Turn the globe westward 
on its axis till the star comes to the western edge 
of the horizon, and observe what degree of the 
ecliptic is intersected by the horizon, as before; 
the day of the month answering to that degree, 
will show the time when the star sets with the 
sun, or when it ceases to appear in the evening. 

Examples. 1. At what time does Arcturus 
rise achronicaliy at Ascra in Breotia, the birth 
place of Hesiod j the latitude of Ascra, accord- 
ing to Ptolemy, being thirty-eight degrees fortv- 
five minutes, N, ? 

Ansiver, When Arcturus is at the eastern part 
of the horizon, the eleventh degree of Aries 
will be at the western purt, answering to the first 
of April, the time when Arcturus rises achron- 
icaliy : and it will set achronicaliy on the 30di 
of November. 

2. At what time of the year does Aldebaran 
rise achronicaliy at Athens, in ihiriy-cight de- 
grees N. latitude? and at what time of the ycai 
does it set achronicaliy ? 



^■^ The latitude 
i the year a 



TROBLEM IVII. 




The latitude of a place given, to find the itme «f 
r at which any known star riaea cr tet» 
sesmically ; that h, when it rises «r sets at lun 
rifling: 

Rule. Elevate the pole to the latitude of tbe 

[.place, bring the given at:ir to the eastern edge of 

I'lhe horizon, and observe what sign and degree 

f of the ecliptic arc intersected by t)*c horizon; 

r the month and day of the month, answering lo 

[ ihat sign and degree, will show the lime when 

ivith the sun. Turn the globe west- 

[ ward oa its axis, till the star cumes lo the west- 

I ern edge of the horizon, and observe what sign 

* and degree of the ecliptic are intcraected by ibe 

eastern edge, as before ; these will point out, on 

the horizon, the time when the star sets at &ua- 

rising. 

Examples. 1. At what time in the year do the 
L Pleiades set cosmically at Miletus in Ionia, the 
I birth place of Thales; and at what lime of the 
p year do they riae cosmlcally ; the latitude of Mil- 
etus, according to Ptolemy, being thirty-seven 
degrees N. ? 

Answer. The Pleiades rise with the sun on the 
10th of May, and they set at the time of sun- 
rising on the 22d of November, 

2. At what time of the year does Striua rise 
with the Bun at London ; and at what time of the 
year will Siriua set when the sun rises l 

PROBLEM LVUl. 

To find the time of the year luhen any ffjven Mtar 

rises or sets heliacally. 

Rule. Elevate the pole so many degrees above 

the horizon as are equal to the latitude of the 

. place, and screw the quadrant of altitude on the 

i brass mcridiao over ihaLi Vilivuic -, \ix\i\^xV<e. ^v«a 



star to tTie eastern edge of the horizon, and move 
the quadrant of altitude till it intersects the eclip- 
tic twelve degrees below the horizon, if the star 
be of the first magnitude ; thirteen degrees, if ihc 
8tar be of the second magnitude ; fourteen de- 
grees, if it be of the third magnitude, &c. ; the 
puint of the ecliptic, cut by the quadrant, will 
show the day of the month, on the horizon, when i 
the star rises hellacaliy. Bring the given star to 
the western edge of the horizon, and move the i 
quadrant of altitude till it intersects the ecliptic 
below the western edge of the horizon, in a sim- 
ilar manner as before ; the point of the ecliptic, 
cut by the quadrant, will show the day of the 
month, on the horizon, when the star sets helia- 
cally. 

Examples. 1. At what time does 3 Tauri, or 
the bright star in the Bull's Horn, of the second 
magnitude, rise and set heliacally at Rome? 

Answer, The quadrant will intersect the third 
of Cancer thirteen degrees below the eastern hor- 
izon, answering to the 24th of June; and the 
seventh of Gemini thirteen degrees below the 
western horizon, answering to the 28th of May. 

2. At what time in the year does Sirius, or the 
Dog Star, rise heliacally at Alexandria in Egypt ; 
and at what time does it act heliacally at the same 
place ? 

Answer. The latitude of Alexandria is thirtv- 
one degrees thirteen minutes north ; the quadrauc 
will intersect the twelfth of Leo, twelve degrees 
below the eastern horizon, answering to the 4th 
of August ; and the second of Gemini, twelve de- 
grees below the western horizon, answering tothe 
23d of May. 

3. At what lime of the year doea Arcturus 
rise heliacally at Jerusalem, and at what tinic J 

KB it set heliacally ? ^^^J 



r 

^^ To illuslri 

I 



PROBLEU LIX. 



illustrate the precession of the equinoxes, 
hservations. All the stars in the different con- 
stellations continually increase in longitude] 
consequently, cither the whole starry heavens hu 
a slow motion from west to east, or the cqu: 
tial points have a slow motion from east to west. 
In the time of Meton, the first star in the con- 
atelUtion Aries, now marked jS, passed throu^ 
the vernal equinox, whereas it is now upwards 
of thirty* degrees to the eastward of it. 

Illustration, Elevate the north pole ninety de. 
grees above the horizon, then will the equinoctial 
coincide with the horizon ; bring the pole of the 
cclipticf to that part of the brass meridian which 
is numbered from the north pole towards the 
equinoctial, and make a mark upon the brass 
meridian above it; let this mark be considered 
as the pole of the world, let the equinoctial re- 
present the ecliptic, and let the ecliptic be con- 
I Eidered as the equinoctial; then count 38[ de- 
I grees, the complement of the latitude of LiODdon, 
from this pole upwards, and mark where (he 
reckoning ends, which will be at seventy-five de- 
grees, on the brass meridian, from the southern 
point of the horizon ; this mark will stand over 
the latitude of London. 

Now, turn the globe gently on its axis froia 
east to west, and the equinoctial points will move 
the same way, whik at the same time, the pole 

•IF the precession of ihe equinnies be 501" in » year, and 
if llic equiiiocUBl calui'c [iHsieil tlirougli ^ Arielis, 430 \Mr« 
Before Cliciat, Uie lunffhude of I Ilia aiui- ougliL now (1804}- 
10 lie 31" 10' S&"i fur, rnie year : SOi": ■. 2334 years, C^kJB 
-I- ISOl} : 31° 10' SSu, Biid thti longituUe is not iiu' ttata^ 
tlic tnitli, 

ffhcpoleof the ecVip^.\«\»>.ttL\.¥ii»a\. on ftv« ^Na* -^laa* 
'le circular lines mee\. 
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of the world* ^rHl describe b circle round the pnle 
of ihe etliptict of *C' 56 in diameter ; thib circle 
will be completed in » PlatoutcJ Tear.conBisiFas of 
25,791 years, at the rate «rf 50i seconds in a vear, 
and the poJc of thr hi-arrns will vari it» situa. 
tion a small roaltin' nerj- year. Wheo 12,895; 
years, being half the platoiuc ^'Car, are completed 
(which may be koowo by tummg tht c'lobe half 
Touad, or till the puiDl Ar^es coincides with the 
eastern point of the horixan.) that point of the 
heavens which is now 8^ degrees soitlh of the 
zenith of London will be the oonfa pole, as maj 
be seen by refcrriDg to the mark which was made 
over seventy-fire dep'ces on the mcricitaa. 

PKOBLEX LX. 

To find the ditlances of the Hart front each ^tfier 
in degreet. 

Rule. Lay the quadrant of altitude over any 

two stars, so that the division marked O may be cm 

I one of the stars; the degrees between them will 

shew their distance, or the angle which these start 

subtend, as seen by a spectator on the earth. 

Examples. 1. What is the distance between 
Vega in Lyra, and Altatr in the Eagle? 

Answer. Thirty-four degrees. 

2. Kequired the distance between 3 in the Bull'* 
Horn, and y Billatrix in Orion's shoulder i 

3. What is the distance between j3 in Pollux, 
and a in Procyon \ 

•Lei it be remembered that the pole of ihe ecllpiic on ihe 
globe here represents llie pole of the world. 

tTake notice llml the e:iiremily i>t ihe globe's asis here 
repreienls the pote of llie ecliptic. . , , 

*A Pli.tonic vear is a period of time delermined by the 
revolution of the enuinoMS : this ^r'\od \1t\n5 o^e t< 

Lgin aucw, and the wiue «t.c. ut vWiviJ^ W xW-WiW 
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PROBLEM LXI. 

To^findzvhat stars lie in or near the moon's palA, 
or -what stars the moon can eclipse, or maiea 
near approach to. 

Rule. Find the moon's longitude and latitude, 
or her right ascension and declination, in i 
ephemeris, for several days, and mark the tnoon'i 
places on the globe, then by laying the threader 
quadrant of altitude over these places, you will 
sec nearly the moon's path,* and, consequently, 
what stars lie in her way. 

Examples, I. What stars were in, or nc. 
the moon's path, on the lOlh, 11th, 13th, I 
16th December 1805 ? 

10th, c's longitude S. 20° 12'lat. 3" 34'S 
lllh, tij 4 22 4. ; 

13th, i 1 39 5 15 S. 

16lh, IT. 10 11 4, : ' 

Answer. The stars will be found to be Cof 
Leonis or Regulus, Spica Virgiois, a in Libr^ 

2. On the 16th, 17th, 18th, and I9th of Maj 
1810, what stars will lie near the moon's way? 
16th, C 's right asccn. 206" 47', dcclin. 9° 485. 
17th, 220 43 13 14S. 

18th, 235 22 16 3 S. 

19th, 250 38 17 53 S. 



'The situBtinn of the monn's orbit for »njr parttculBrd^ 
may be found Urns .- find llie place i-f the union's ascen^iq 
rode, in the Epiieineris, murk that place and in inlipudc 
(being the descending node} on th« ^lobe ; hklflhe way bt 
tween these points, make marks i' 20' on the north ■ 
Eoiithside ofthe ecliptic, viz. let the nurtliern mBrk. beiwc 
the Bicending a.iid descending node, and the southern b 
tween the detcending and »scm\4ws nade-. a. thretid tit 
round these four po'mw, viiY sV*-« v^f^aistoia a\<<;ubmM^ 
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PROBLEM IXII. 



Oiven the latitude of the place and the day of the 
months to find -what planets will be above the 
horizon after sun setting. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place ; find the sun's place in the ecliptic, and 
bring it to the western part of the horizon, or to 
ten dr twelve degrees below ; then look in the 
Ephemeris for that day and month, and you will 
find what planets are above the horizon ; such 
planets will be fit for observation on that night. 

Example. Were any of the planets visible after 
the sun had descended ten degrees'* below the 
horizon of London, on the Ist of December 1805 ? 
their longitudes being as follow : 
S 8' 22*" ^(y % 8' 15** 27' (L *s longitude 

9 9 23 40 b 6 24 50 at midnight 

t 8 25 21 ]» 6 24 5 O' 9*. 

Answer. Venus and the moon were vistbleii 

PROBLEM LXIII. 

Given the latitude of the place, day of the month, 
'-and hour of the night and morning, to find 
what planets will be visible at that hour. 

Rule. Elevate the pole so many degrees above 
the horizon, as are equal to the latitude of the 
place ; find the sun's place in the ecliptic, bring 
it to the brass meridian, and set the index of the 
hour circle to twelve ; then, if the given time be 

*The planets are not visible, till the sun is a certain num- 
ber of degrees below the horizon, and these degrees are 
variable according- to the brightness of the planets. Mer- 
cury becomes visible when the sun is about ten degrees he- 
low the horizon; Venus, when the sun's depression is fwe 
degrees; ''{iis U° SO'j Jupiter 10**; Saturn 11**; and the 
Georgian 1?** 30'. 




» 
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before noon, turn the globe eastward till the 
index has passed over as many hours as the time 
f nooo; but, if the givtn time be p»iv 
noon, turn the globe westward on its axis rill iht 
index has passed over as many hours as the li; 
is past noon ; let the globe rest in this posiliosi 
and look in the Epheracris for the^ longituiles of 
the planets, and, if any of them be in the sign 
which are above the horizon, such planets willbl 
visible. 

Example. On the first of December 1 
the longitudes* of the planets, by an ephemcris, 
were as follow : were any of them visible at Lo» 
don at five o'clocle in the morning f 
S &'2%°ZQf V 8 is'ZT c's longitude 

B aa 40 "i 34 JO mldui^* 

S a 25 21 e 6 24 5 O" 9= 15' 

Answer. Salum and the Georgiuin Siduswen 
visible, and both nearly in the same point of iIm 
heavens, near the eastern horizon ; Saturn WH 
a little to the north of the Georgian. 



The latitude of the place and day of the monA 
ffiven, to fnd how long' Venus rises before 
sun when she is a morninq- slar^ and hoto It 
she sets after the sun when she is an eveni^ 
star. 

Rule. Elevate the pole so many degrees abovi 
the horizon, as are equal to the Uiitude of ttu 
place ; find the latitude and longitude of VenU 
in an ephemeris, and mark her place on tlu 
globe ; find the sun's place in the ecliptic, brii 

.; is not necessary to give the Utitudes of the planets . 
I this problem : for, if (he signs und degrees of tJie cclrplj 
^ in wliich tbeii- loiigiUides are situated be above the " ' 
1 the pluictB will likewisE be above Ibe horiioa. 
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it to the brass meridian, and set the index of the 
hour circle to twelve ; then, if the place of Venus 
be to the right hand of the meridian, she is an 
evening star ; if to the left hand, she is a morn- 
ing star. 

When Venus is an evening star. Turn the globe 
westward till the sun comes to the western edge 
of the horizon ; the hours passed over by the 
index will be the time from noon when the sua 
sets , continue the motion of the globe westward 
till Venus comes to the western edge of the hori- 
zon, and the hours passed over by the index will 
be the time from noon when Venus sets : the dif- 
ference between these times will shew how long 
Venus sets after the sun.- 

When Venus is a morning' star. Turn the globe 
eastward on. its axis till the sun comes to the 
eastern edge of the horizon ; the hours passed 
over by the index will be the time which the sua 
rises before noon : continue the motion of the 
globe eastward till Venus comes to the eastern 
edge of the horizon, and the hours passed over 
by the index will be the time which the sun rises 
before noon : the difference between these times 
will shew how long Venus rises before the sun. 

Note. The same rule will serve for Jupiter^ by 
inarking his place instead of that of Venus. 

Examples. 1. On the first of March 1805, the 
longitude of Venus was ten signs, eighteen de- 
grees, fourteen minutes, or eighteen degrees, 
fourteen minutes in Aquarius, latitude O degree, 
fifty- two minutes south ; was she a morning or 
an evening star f If a morning star, how long did 
she rise before the sun at London ; if an evening 
star, how long did she shine after the sun set ? 

Answer. Venus was a morning star ; the sun 
rose 5i hours before noon, or at half ^a&t^ \ ^^^4 




I 
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Venas rose about 6i hours be/ore noon, oral 
three quarters past 5 ; constqucnily, Venus ro« 
three quarters of an hour before the sun. 

2. On the 2Jth of Ociober 1805,the longitude 
of Jupiter was eight signs, seven degrees, twenty- 
six minutes, or sivcn degrees, twenty-six minutci 
in Sagittarius, Uiiiude degrees, tweniy-niiH 
minutes norih : whether was he a morning or 
cveuing star ? If a morning star, how lung di 
he rise before the sun at London ; if an evenii 
star, how long did he shine after the sun seti 

Ansvier. Jupiter was an evening star; thesii 
set at S o'clock, and Jupiter sei about (wenQl 
minutes after six; consequently, he set one ' 
and twenty minutes after the sun. 

PROBLEM LXV. 

The latitude of the place arid day of the month 

being given, to find the meridian ultitude of at 

star or planet. 

Rule. Elevate the pole so many degrees abow 
the horizon as are equal to the latitude of l' 
given place ; then, 

- For a star. Bring the given star to that part ol 
the brass meridian which is numbered from th 
equator towards the poles ; the degrees on 1 
meridian contained between the star and thehoi^ 
son will be the altitude required. 

For the moon or a planet. Look in an cphemC: 
ris for the planet's latitude and longitude, or foi 
its right ascension and declination, for the _ 
month and day, and m;irk its place on the gtobej 
bring the planet's place to the brass meridian 
and the number of degrees between that place a 
the horizon, will be the altitude. 

• The meridian «hltudeB of tUe atars on the glvb 
M :'c Ulimde, are invariable; iherefore, wlicn tiM 
■ItiludeoFuBlM \» »ous^t \\vt ia.-) ot ^ilt ■ionwai V 
I «ttended ta. 
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Examples. 1. WUat is tbe meridian altitude of 
Aldebaran in Taurus, at London i ^ 

Ansruer. 54° 36'. • 

2. What is the meridian altitude of Arctarus 
in Bootes, ai London? 

3. On the first of September 1810, the longi- 
tude of Mars was 4 signs 14 degrees 41 minutes, 
and latitude 1 degree 9 minutes north ; what was 
liis meridian altitude at Cambridge ? 

PROBLEM LXVr. 

To find all those places on the earth to w/i/cA the 
moon will be nearly vertical on any ^ivcn day. 

Rule. Look in an ephemeris for the moon's 
latitude and longitude for the given day, and 
mark her place on the globe ; bring this place to 
that part of the brass meridian which is numbered 
from the equator towards the poles, and observe 
the degree above it ; for all places on the earth 
having that latitude will have the moon vertical, 
or nearly so, when she comes to their respective 
meridians. 

Examples. 1. On 'the I5th of October 180j, 
the moon's longitude at midnight was 3 signs 29 
degrees 14 minutes, and her latitude 1 degree 35 
minutes south ; over what places did she pass 
nearly vertical i 

Anszver. From the moon's latitude and longi- 
tude being given, her declination may be found 
by the globe to be about IS" north. The moon 
was vertical ac Porto Bico, St. Domingo, the 
north of Jamaica, O'why'hee, E;c, 

2. On the 20th of December 1810, the moon's 
longitude at midnight was 6 signs 20 degrees, and 
her latitude 1 degree 5 minutes north, over what 
" icca on the earth did she pass nearly vertical ? 
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Cftiwi thelaliltide of a places the day ofthetnei^ 

and the altitiidf of a star, to find the hour d/M- 

night, and the starts azimuth. 

Rule. Elevate the pole so many degrees abon 
the horizon as are equal to the latitude of Ihf 
place, and screw the quadrant of altitude upoj 
the brass meridian over that latitude ; find 4e 
sun'a place in the ecliptic, bring it to the braa 
meridian, and set the index of the hour circle to 
twelve; bring the lower end of the quadrant of 
altitude to that side of the meridian* on whidl 
the star was situated when observed ; turn ti* 
globe westward till the centre of the star cutstht 
given altitude on the quadrant; count the hoort 
vhich the index has passed over, and they wl 
show the time from noon when ihc star has iht 
given altitude; the quadrant will intersect 
horizon in the required azimuth. 

Examples. 1. At London, on the 28th of De 
cember, the star Deneb in the Lion's tail, roarkej 
, was observed to be 40 degrees above the Iiort 
zon, and east of the meridian, what hour was U 
and what was the star's azimuth? 

AnsTL'er. By bringing the sun's place to ' 
meridian, and turning the globe westward oo 
axis tin the star cuts 40 degrees of the quadranl 
east of the meridian, the index will have passed 
over 14 hours; consequently, the star has 40 dc 



gre^s 



of altitude 



from noon, i 



t of the meridian, 14 hour 



t two o'clock ii 



the morning. 



* Ii ia nccesBU'}' to know an wliidi sidu of the mcridii 
the star is st Ihe time nf obscrviLtion, because it nilT )ia< 
ilie same sltitiiile oil butti sides of it Any stBT nuiy ( 
tuken at pleasure, but il is bcEt tu take one not too nenrll 
nieridian, beciLUse for sume time bernfc, tbc star conj 

e meridiun, and .ifter It Iins piuiscil it, the altitud 

s lery Uule. 



asimuth viiii he i£2% d^sqps£& dxmt. cUkl ^xnxu. 
towards the caos. 

2. At Titfwnndtim. (sm !&b£- Sftbi -ic iIl>Hggmiiai. ttii 
star, Bj in tike LAan^^s tEBll„ ?ik:x& uiaKsrviaL xl' ik T^:±sr- 
ward of die M>£gTifr5in\„ jbdol zi» iiwi: -i»I« wn^zz:^ ui 
altitude ; wiiai sjmsr wi& x, jqu* vrno: wsst .tot 
star's azimuzh^ 

axis ull the star riPTi* ^^ dtxK:» n: :m:^ tiuadTBizu 
west of the i&cndua^ liie indL-x -viL iuivt: 
over 20 hours ; co^sujueDUj^ xht; siar has 4D 
grees of altitude west oi tike jxi^aiau. 21^ hoim 
iroin noon ; or ci^gfat o^ck>sk in tat mtimix^ Its 
azimuth will be 62^ oe^t^ss froo. loe soutt. 
towards the west. 

S. At IxmdoOpOn tbe 1st of September, the 
altitude of Bfo^taach in Ursa Mai or. icari^ed ». 
was observed to lie ^ degrees abiiv^ tcic boriz^i:. 
and west of the meridiaa; what Joiciur vas it, and 
what was the starts azimotb r 
. 4. On the 2l6t of December the aliituae d# 
Sirius, when west of the meridian a: London^ vas 
observed to be 8 degrees above the horizon ; what 
hour was it, and vfhax was the starts azimuth : 

S. On the 12th of August, Mcckah in the 
Whale's jaw, marked «, was observed to be S 7 
degrees above the horizon of L.ondon, and east- 
ward of the meridian ; what hour was it, and 
what was the starts azimuth r 

P&OBLEM LXV'III* 

Given the latitude of a place^ day of the months aruf 
hour of the day^ to find the altitude of any atar, 
•and its azimuth. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place>and screw the quadrant of altitude upo» 



I 
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tKe brass meridian over that ladiuJe; findtliesiiiiV 
phice in the eclipiic, liring it to the brass mcridina, 
and set the index of the hour circle to twelve; 
then, if the given time be hefore noon, turn t 
globe eastwiird on Ita ^xis till the index has pau- 
<d over 33 many hours as the time wants of noon] 
if the time be past noon, turn the globe westward 
liil the index has passed over as many hours » 
the time is past noon: let the globe rest in tlui 
pogilion, and move the quadrant of altitude till 
iia graduated edge coincides with the centre of 
jhe given star ; the degrees on ihe quadrant, from 
the horizon lo the stiir, will be the altitude; and 
the distance from the north or south part of iht 
brass meridian to the quadrant, counted OQ th( 
liorizon, will be the azimuth from the north Ot 
south. 

Examples. 1. What are the altitude and azt 
TOuth of Capella, at Rome, when it is fi»e o'clock 
in the morning on the second of December f 

Aniwcr. The altitude is 41 degrees 58 miautes 
and the ai^imuth 60 degrees 50 minutes from tht 
north towards the west. 

2. Required the altitude and azimuth of Altab 
in Aquila, on the 6th of October, at nine o'clock 
in the evening, at London ? 

3. On what point of the compass does the at 
Aldt-baran bear at the Cape of Good Hope, < 
the fifth of March, at a quarter past eight o'clock 
in the evening ; and what is its altitude 

AnsTver. The azimuth is 49 degrees 52 raia- 
utts from the north, and its altitude is 22 degrees 
30 minutes. 

4. Required the altilude and azimuth of AU 
cyone in the Pleiades, marked «, on the SIst ol 
December, at four o'clock in the morning, q| 
i-oudon ? 



PROBLEM 1.X1X. 

Given the latitude of a place, day of the maiith, and 

azi'nuth of a star, to find the hour of the night 

and the star's allittide. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, and screw the quadrant of altitude upon the 
brass meridian over that latitude ; find the sun's 
place in the ecliptic, bring it to the brass meridian, 
andsettheindexof the hourcirclc to twelve; bring 
thelowerendof the quadrant of altitude tocoincide 
vilh the ^iven azimuth on the horizon, and hold 
it in that posttion; turn the globe westward till 
the given star comes to the graduated edge of the 
quadrant- and the hours passed over by the index 
will be the time from noon ; the degrees on the 
quadrant, reckoning from the horizon lo the star, 
will be the aUilude. 

Examples. 1. At London, on ihc 28th of De- 
cember, the azimuth of Ueneb in ihc Lton's tail, 
marked ^, was 62 \ degrees from the south cowards 
the west ; what hour was it, and what was the 
star's altitude i 

Answer^ By turning the globe westward on its 
axis the index will pass over 20 hours before the 
star intersects the quadrant ; therefore the time 
-will be 20 hours from noon, or eight o'clocic in 
the morning ; and the star's altitude will be 40 
degrees. 

2. At London, on the 5ih of May, the azimuth 
of Coi Leonia, or Kegulus, marked a, was "4 de- 
grees from the south towards the west ; required 
the star's altitude, and the hour of the night? 

3. On the 8ih of October, the azimuth of the 
atar marked jS, in the shoulder of Auriga, was 50 
degrees from the north towatds \IP.e t'as,^', i«.Q^\xt^ 

its altitude at London, and \.\i.ft Vdwc oS. 'Stwow^'^'' 
14* 



II 

1 

i 



163 



■1. On the 10th of September, the azimuth of 
the star marked i, in the Dolphin, was 20 degrees 
from llie south towards the cast ; required Its al- 
titude at London,^and the hour of the night I 



PROBLEM LXX. 



I 

■tan 



Two stars b^ing^ given, the one on the meridian, 
and the other on the east or -west part of thr 
horizon^ to fmd the latitude of the place. 
Rule. Bring the star which was observed 
be on the meridian, to the brass meridian ; ket* 
the globe from turning on its axis, and elevateor 
depress the pole till the other star comes to the 
eastern or western part of the horizon ; then the 
degrees from the elevated pole to the horizoo 
will be the latitude. 

Examples. I. When the two pointers of the 
Great Bear, marked « and 3, or Dnbhe and i, 
■were on the meridian, I observed Vega in Lyra 
to be rising; required the latitude? 

A/i-i7ver. Twenty-seven degrees north. 

2. When Arcturus in Bootes was on tht. 

meridian,Altair inihe Eagle was rising; requiitd 

the latitude ? 

PROBLEM LXXf. 

The latitude of the place., the day of the monti, 

and tujo stars that have the same azimuth^ 

being given, to find the hour of the nig-ht. 

Rule. Elevate the pole so many degrees above 

the horizon aa are equal to the latitude of the 

place, and screw the quadrant of altitude upon 

., 'To fiml whiil stars have tlie Eame azimutli.-Let a Blmtolll 
, ^OHi'J oi about a foot i.i breailtl., and iJirec feet hTgh foe of 
-wiy hc-^ht you please,) be fixe! pelpciiiiif iilarly Upon 1 
Itanil, di-Hw a stratglil line Uirau^h llie middle ol" Uie baui. 
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the brass meridian over that latitude ; find the 
sun's place in the ecliptic, bring it to the brass 
meridian, and set the index of the hour circle to 
one ; turn the globe on its axis from east to west 
till the two given stars coincide with the gradu- 
ated edge of the quadrant of altitude ; the hours 
passed over by the index/ will show the time from 
noon ; and the common azimuth of the two stars 
^ill be found on the horizon. 

Examples. 1. At what hour, at London, on the 
first of May, will Altair in the Eagle, and Vega 
in the Harp, have the same azimuth, and what 
will that azimuth be ? 

Answer. By bringing the sun's place to the 
meridian, &c. and turning the globe westward, 
the index will pass over fifteen hours before the 
stars coincide with the quadrant ; hence they will 
have the same azimuth at fifteen hours from noon, 
or at three o'clock in the morning ; and the azi- 
muth will be 42^ degrees from the south towards 
the east. 

2. On the 10th of September, what is the hour 
at London when Deneb in Cygnus, and Markab 
in Pegasus, have the same azimuth, and what is 
the azimuth ? 

paralkl to the sides; fix a pin In tlie iipp^r part of this Virie, 
and make a hole in the boitrd at the lower part of t1»f* line ; 
hang a thread with a plummet fixed to it, upon the pin, arid 
let the baUof the plummet move freely in the hole mndc in 
the lower part of the board , set this i>oard upon ci tabic in 
a. window, or in the open air, and wait Mil tVc p?»tTn?r:''t 
ceases to Tibrate; then look alongf the f-fe of »l?f ^;o5T".*. 
juid those Stan which are partly hid from yo^r oc'/r :)/ '^ ■ 
thread wiU have the same azimiuh. 



PROBLEM LXXII. 

The latitude of the place, the day of the month, 
and two stars that have the same altitude^ ieinx 
gwen, tojtndthe hour of the ni^ht. 

Rule. Elevate the pok- so many degrees abort 
tbe hurizon as are equal (o the latitude of ilw 
place, and screw the quadrant of altitude upoa 
the brass meridian over that latitude; 6ad die 
sun's place in the ecliptic, bring it to the bran 
meridian, and aet the index uf the hour circle to 
twelve; turn the globe on its axis from east (0 
west, till the two given stars coincide with tht 
given altitude on the graduated edge of the quad- 
rant; the hours passed over by the index will be 
the time from noon when the two stars have that 
altitude. 

Examples. 1, At what hour at London, on 
the second of September, will Markab in Pegasus, 
and « in the head of Andromeda, have each 
thirty degrees of latitude f 

Answer, At a quarter past eight in the evctiing. 

2. At what hour at London, on the fifth of 
January, will «, Menkar in the Whale's jaw, and 
«, Aldebaran in Taurus, have each thirty-five 
degrees of altitude ? 

PROBLEM L3lXm, 

The altitudes of the txvo stars having the same 
azimuth, and that azimuth being give/if to find 
the latitude of the place. 

RiTLE. Place the graduated edge of the quad- 
rant of altitude over the two stars, ao that each 
star may be exactly under its given altitudeon 
the quadrant; hold the quadrant in this positioo, 
and elevate or depress the pole till the divisioQ 
I in marked 0, on die lower end of the quatliaati 
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coincides with the given azimuth on the horizon ; 
when this is etIectcU, the elevation of the pole 
will be the latitude. 

Examples. 1. The altitude of Arcturus was 
observed to be forty degrees, and that of Cor 
Caroli sixty-eight degrees ; their common azj^ 
muth at the same time was seventy-one degrees 
from tlie south towards the east ; required the 
latitude ? 

Answer. 515 degrees north. 

2. The altitude of e in Castor was observed to 
be thirty degrees, and that of ^ in Procyon twenty 
degrees ; their common azimuth at the same time 
was 73} degrees from the souih towards the cast ; 
required the latitude ? 

PROBLEM LXXIV. 

The day of the month being given, and the fmur 

when any known star rises or sets, to jind the 

latitude of the place. 

Rule. Find the sun'a place in the ecliptic, 
bring it to the brass meridian, and set the index 
of the hour circle to twelve ; then, if the given 
time be before noon, turn the globe eastiyard till 
«he index has passed over as many hours as the 
time wants of noon ; but, if the given time be past 
noon, turn the globe westward till the index has 
passed over as many hours as the time is past 
noon i elevate or depress the pole till the centre 
of the given star coincides widi tlie horizon ; then 
the elevation of the pole will shew the latitude I 

Examples. 1. In what latitude does i, Mirach, 
in Bootes rise at half past twelve o'clock at night, 
on the 10th of December? 

Ansxver. Jl| degrees north. 



J 
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2. In what latitude does Cor LeonU, or Reg- 
ulus, rise at ten o'clock at night, on the twenty- 
first of January l 

PROBLEM LXIV. 

T'fl Jnd on what day of the year any given star 
passes the meridian at any given hour> 

Rule. Bring the given star to the brass meri- 
dian, and set, the index to twelve ; then, if the 
given lime be before noon,* turn the globe west- 
ward till the index has passed over as Dian;r 
hours as the time wants of noon ; but, if the given 
time be pa&t noon, turn the globe eastward uU 
the index has passed over as many hours as (he 
time is past noon; observe that degree of the 
ecliptic which is intersected by the graduated 
edge of the brass meridian, and the day of the 
month answering thereto, on the horizon, will be 
the day required. 

Examples. 1. On what day of the month does 
Procyon come to the meridian of London at three 
o'clock in the morning f 

Answer. Here the time is nine hours before 
Boon ; the globe must therefore be turned nine 
hours towards the west, the point of the ecliptic 
intersected by the brass meridian will then be the 
Sth of / , answering nearly to the Srst of Occcn- 
ber. 

S. On what day of the month, and in what 
xionth, does a, Alderamin, in Cepheus, come to 
meridian of Edinburgh at ten o'doci: at 
night ; 

*lfthe given star comes to the mei'idiwi ftt nacm,tlM«mV 
place will be found under tlie brass meridian, without tnt 
ing the globe-, it \\»e ^'ivevi avat cume's Vn vVie luu^^jid 
Widnight, the globe ma\ \ie \.Mrnei nvAwt eu.4V«*ii. *«»-» 
"r^d till the index Ima \i'*3ac4Q\B'c\.-Mc\MiVQ-i«- 



Answer. Here tlie time is ten hours after noon ; 
the globe must therefore be turned ten hours to- 
wards the east, the point of the ecliptic intersect- 
ed by the brass meridian will then be the ITth of 
15:, answering to 9th of September. 

3. On what day of the month, and in what 
month, does ^, Deneb in the Lion's tail, come to 
the meridian of Dublin at nine o'clock at night ? 

PROBLEM LXXvr. 

The altitude of two stars (reitig- g^iven, to fmd the 
latitude of the place. 

Rule. Subtract each star's altitude from ninety 
degrees ; take successively the extent of the 
numlier of degrees contained in each of the re- 
mainders, from the equinoctial with a pair of 
compasses ; with the compasses thus extended, 
place one foot successively in the centre of each 
star, and describe arches on the globe with a 
black lead pencil; these arches will cross each 
other in the zenith; bring the point of intersec- 
tion to that point of the brass meridian which is 
numbered from the equinoctial towards the poles, 
und the degree above it will be the latitude. 

Examples. 1. At sea, in north latitude, I ob- 
served th^ altitude of Capella to be thirty degrees, 
and that of Aldebarao thirty-five degrees ; what 
latitude was J in f 

Answer. ^Vith an extent of sixty defies, 
(=:90'' — 30°) taken from the equinoctial, and one 
foot of the compass in the centre of Capella, de- 
scribe an arch towards the north ; then with fifty- 
five degrees, (^90° SS",") taken in a similar man- 
ner, and one foot of the compasses in the centre 
of AliJfbaran, dPBcribe another arch, cro5s.ii\<^t]ci*. 
the puint of inteisetuatv Nst^xi-^ -w *>.^ 
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brass mendinD will shew the latitude to K j 
degrees north, 

2. The altitude of Marlcab id Pegasus wa» 
thirty degrees, and that of Altair tn the Kagle U 

ime time, was sixty-five degrees ; whatvai 
titude, supposing it to be north i 
' 1 Anxwer. Twenty-nine degrees north. 

PROBLEM LXKVII. 

The meridian allifude of a known atar heinffghitu 
at any place, to jind the latitude. 

Rri.E. Bring the given star to that part of (lit 
^brasB meridian which ia numbered from the equi- 
noctial towards the poles; count the number ol 
degrees in the given altitude, on the brass meri- 
dian, from the star towards the south part of ihc 
horizon, and mark where the reckoning ends; 
elevate or depress the pole till this mark coio- 
cides with the sovuli point of ihe horizon, and ihs 
elevation of the north pole above the north point 
of the horizon will shew the latitude. 

Examples. 1. In what degree of norih lati- 
tude is the meridian altitude of Aldt:baran 5S) 
degrees ? 

Answer. Fifty-three degrees, thirty-si* mio* 
utes north. 

3. In what degree of north latitude is tin 
meridian altitude of fi, one of the poiaterA 
Ursa Major, ninety degrees ( 

PROBLEM LXXVIII. 

To Jind the time of the mooiCi southing, or cominf 
to the meridian of any place, on any given eiag 
of the month. 
Rule. Elevate iV TpoVe sq tomvs- ^v^t«.^'«^kxi« 
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given place ; find the moon's latitude and longi- 
tude, or her right ascension and dedination, from 
an cphemeris, and mark her place on the globe ; 
bring the sun's place to the brass meridian, and 
set the index of the hour circle to twelve ; turn 
the globe westward till the moon's place comes 
to the meridian, and the hours passed over by 
the index will show the time from noon when the 
moon wilt be upon the meridian. 

PROBLEM LXXIX. 

To determine the place^ and describe the path of a 
Comet among the Jixed stars. 
RiTLE. Observe the distance of the comet from 
two fixed stars, where latitudes and longitudes 
are known; then from the distance thus ascer- 
tained, calculate the place of the comet by spher- 
ical trigonometry. 

An easy method of , finding- and tracing out the 
place of a Comet mechanically. 
Rule. Find two stars in the same line with the 
comet, by stretching a thread before the eye over 
all three ; then do the same by two other stars 
and the comet ; this done, take a celestial globe, 
or a planisphere, and draw a line upon it through 
the two former stars, then through the two latter 
ones ; so shall thp Interscciion of the two lines be 
the place of the comet at that time. If this pro- 
cess be repeated every evening, and all the points 
of intersection connected, it will shew the path of 
the comet in the heavens. 




1T2 

tude be within twelve degrees of the moon's 
nodes, there will be an eclipse of the moon. 

Example* On the 15th of January 1805, there 
was a full moon, at which time the place of the 
moon's node was >5 25** S4\ and the sun's longi- 
tude yj 25^ ; did an eclipse of the moon happen 
9t that time ? 

Answer. Here the sun was nearly in the moon's 
node, therefore a total eclipse of the moon took 
place : for, when the sun is in one of the moon's 
nodes at the time of full moon, the moon is in 
the other node, and the earth is direcdy between 
them ; the moon's place was consequently about 
25* in Cancer. 




A Taiih of tha tatitudes and Longitudes of some 
of the- Pnncipul Places in the World, with the 
Countries in which theif are situated. — N. B, 
The Longitudes are reckoned from Greenviich 
'Observatory. 



JVajW* of fflaoea. Ceiintry or Sen. 



ScolUilll 



Bffvpt 
AlTrlca 



Acapulciy 
Aohen' 
Adriaiiople 
Ailwentiire B»y 
Alderne^ I. 
Aleppo 
AlsKandKtUi 
AlexaiulrU 

AlgiBlHI 

Antiens 

Amitei-d»m 
Anuteedstn 1. 

Angni' 
Ann^iiUi 
Antwerp 
Archxngel 
AMension [. 

Athens 
St. Augustine 
St. Augustine 
Cupc St. AitguBtinc 

Cftfke- Atb J span 

Eoi. FfWice 

15* 



SHinutri I. 

N^w Holland 
Bngliali ChaiHiel 
9yri» • 



57 9 N. 
17 10 N. 
S 33 N. 
41 10 N. 
45 25 S. 
49 4B N. 

35 45 N. 

36 35 N. 
31 13 N, 
S6 49 N. 
38 21 N. 



Nova Scotia 

Ijttlierlands 

Russia 

S. Atlantic 

KuBsia 

Turkey Europe 

Mild tig's scar I. 



3 ;8 w. 
101 *s w. 

95 40 B. 
se 30 B. 
14r 30 B. 

2 IS W. 
37 JO B, 
36 14 E. 
39 55 E. 

S IJ B. 

30 W. 



4 25 N. 127 20 t 
49 53 N. 3 IS B. 
53 23 N. 4 51 E. 
21 9 S. 174 45. W. 
47 28 N; 33 W. 
27 13 W. 



44 52 N. 
51 13 N, 

64 34 N. 

7 re a 

46 31 N. 

38 5 N. 
23 35 S. 
30 10 N. 
6 48 S. 
21 30 N. 
34 45 N. 
43 57 N. 



64 



W. 



23 E. 
38 58 B. 
14 21 W. 



35 5 W. 
96 E.- 

140 54! Ei. 
4 4S E 
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B 






JVamci of Place 


Ctmisry «r Sea. 


Lat. 


ionf. 


Babelmandel StrutiRed Sea 


13 SO N. 


43 45 E. 


Babylon (Ancien 


t) Syria 


33 N 


42 46 EL 


Bataiore 




21 20 N, 


66 B. 


Buica I.CSoath EntiJIndiiti Oceui 


3 13 S, 


lOf W B. 


Bantpj- Bay 


Ireland 


SI 26 N. 


10 10 Wi- 


Barbfldocs Island 7 „ ,, „ 

CBrid^tO*n) JCaribb.Se* 


13 N. 


49 50 W. 


Barcelona 


Spain 


41 23 N. 


a II R 


Basil 


Switzerland 


47 35 N. 


7 39 B. 


Basse Tcrre 


Gaudakoupe 


13 59 N. 


61 54 V. 


B«EtU 


Corsica 


42 42 N. 


9 23 B. 


Batavii 


Java I. 
trance 


6 11 8. 


lOfi 39 B, '' 


Bayonne 


43 29 N. 


1 30 W. 


Bussora or Bassora Turkey 


30 45 N. 


4- OB. 


Bencoolcn 


Sumatra I. 


3 49 S. 


103 19 B. „ 


Bergen 


Norway 


60 24 N. 


5 3D B. A 


Bilbos 


Spain 


43 26 N. 


3 33 WJ 


Blanco (Cape) 


Africa 


20 53 N. 


17 10 WJ 
73 3SE. . 


Bombay I. 


InJia 


18 57 N. 




America . 


4S 25 N. 


rO 37 V^ 


But any Bay 


, New Holland 


.34 S. 


151 23 &. .: 


Boulo(fne 


France 


50 43 N. 


1 47B.A 


Bourbon I. 


Indian Ocean 


20 32 S. 


55 30B.;A 


Bordeaux 


France 


4* 50 N. 


35 Wi 


Biemea / 


Germany 


53 3 N. 


8 39 E. 


Bmt .. '-. 


France 


48 23 N. 


4 23 W-V 


BOoMfiek - 


Germany 


53 30 N. 


10 24S.J. 




_ Nelherlandi 


SO 51 N, 


4 23 B-. ;. 


Bnd» . : 


Hungary 


47 40 N. 


19 30 B. ., 


Buenoi jlyres 


S.America 


34 35 S. 


38 31 ly.-j 


BUTgBi 


Spain 


42 20 N. 


3 30flrrt 












c. 






Cadiz or CalM 


Spain 


36 31 N. 


Cagrliai-i 
C«iro 


Sardinia I. 
Effvpt 


39 25 N. 
30 3 N. 


9 38B.A 
31 21 B. * 


Calais 


France 


30 57 n. 


1 Sl'E. T 


Calcita 


Bengal 


23 35 N. 


88 39E.'- 


Calmar 


Sweden 


56 40 N. 


16 iS^j 


Cambray 


Netlierlanda 


50 10 N. 


3 13 B. A 


Cambrid™ 
Cwiaryl.fN.E-poii 


Eng-lsnd 


5S 12 N. 


4.8. > 


r..)Athntic 


28 13 N. 


U 39 W'. 








^^^H 



HIF 


17S 


"1 


^H 


JVamea of Places. 


Country er Sea. 


La<. 


Loiig^ 


Candia 


Candy I. 


35 19 N. 


25 18 v.. 


Canton 


China 


23 8 N. 


IIJ 2E, 




Sweden 


56 20 ». 


IS J6B. 


Cflrthagen* 


Spain 


37 37 N. 


1 8 W. 


Crtha^na 


Terra Firm a, 


10 37 N. 


75 27 W. 


Cavenne 


I. of Cajenoe 


4 56 N. 


3 41 B. 1 


Cherbourgh 


France 


49 38 N. 


1 37 W. 


Christian* 


Norway 


59 55 N. 


10 48 E. : 


Christ mas Sound 


Terra del Fueeo 


55 23 S. 


70 3 W. 


St. Christopher-* 1. Caribb. %si. ' 


17 15 N. 


62 43 W. 1 


Civita Vecchla 


Italy 


42 5 N, 


11 44B. 1 


Codiin 


India 


9 3:-> N. 


73 35 B. 


Colongne 


Germany 


50 35 N. 


6 55 B. 


Cbmorin (Cape) 


India 


7 56 N. 


78 5B. 


CoDBtantinoplc 


Turkey 


41 I N. 


28 54 B. 


Copenhag^en 


Denmark 


55 41 N. 


12 35 E. 


Cork 


Ireland 


51 54 N. 


8 28 W. 


St. Cruz I. 


Atlantic Ocean 

D. 


17 49 tf. 


64 53 W. 


Dintzic 


Polanii 


54 23 N- 


18 34 E. 


Dardanelles' atmits Turkey 


40 10 N- 


26 26 B. 


Delhi 


Hindnoslan 


28 37 N- 


77 40 E. 


St. Domingo 


Caribb. Sea 


18 SON, 


69 46 W. ; 


Dover 


England 


51 8 N. 


1 18 E. 


Dronlhelm 


Norway 


63 26 N. 


10 22 B. 


Dublin 


Ireland 


53 21 N. 


6 6 W. ' 


Dunkirk 


France 


51 2 N. 


3 23E. 1 


EartCape 


E. 




174 30 W. 


New Zealand 


37 42 B, 


Edinbargh ■ 


BooUand 


iS 58 N. 


3 12 W. ] 






56 2 N. 


12 37 E. 


Embden 


Germany 
Ttirkey in Asia 


53 12 N, 


7 16E. 


Epheius 


36 N. 


27 S3 E. \ 




F. 






False Bay 


Cape of Good Hope 34 10 S. 


18 33 E. 


F»i<e«elt(Cape) 


Grttnlaiid 


59 SON, 


42 43 W. 1 


Fayal Town 


Azore Islands 


38 32 N, 


28 41 W. 


FefToI. (Town) 


Canary liles 


27 47 N. 


17 46 W- 


FiaiWeiTC (.Cape) 


Spain 


43 53 K. 


9 17 W. 


^^^^^H^HBB 




^^^^H 


^^^^^^^^H 



^ 


ire 




M 


J^amti V P'^'"- 


Ot'mlry tr S»a. 


IM. 


"M 


Flamborough Htuul England 


54 11 S. 


UV.I 


Pl.irfoee 


lulv 


43 46 K. 


11 3E. • 


r\oie» 


Aore Islands 


39 34 N. 


31 W.' 


Plnrida (Cape) 


S. America 


SI *r N. 


«0 3£1K.< 


N. PoreUnd 


EnRl^ml 


at 2.? N. 


1 SH%. < 


France (lale of) 


InOian Oee«t 


a»2r s 


57 16& > 


Francois -(Cape) 


St. Domingo 


rt 46 N. 


73 1ft W.I 


FaaoUl 


L ol' Madeira 

G. 


38 38 N. 


17 e W.- 


G«net« 


Bwitierland 


4« 12 N. 


6 OB. ■ 


Genoa 


Italy 


44 35 N, 


a3«B, 


St. Geo r^ Town 


BcrmudHS I. 


3! 22 N. 


6* »' W.I 


Port flt.Geors« 


Or Madras 


13 5 N. 


80 S9B. ' 


Ghent 


Nelberlands 


SI 3 N. 


3 44B. 


G-bralltiP 


Spain 

Malabar Coast 


3« i N. 


5 22 W.' 


Goal. 


15 31 N. 


ZSAit^s 


Good Hope {Cape 


) Africa 


34 29 S. 


18 33 B.. 


Gottingeii CUbsei 


.)Germany 


51 sa N. 


9 S3£.' 



Greenwich (Obs. 


GnjcUnd. 


31 29 X. 


Ij GauiWoupe 


Carlbb I. 


IS 59 «. 


6159 Wft 


^B Gu«».or'^ 


English Channel 
H. 


49 30 N. 


»M Wv 


^*' Haertem 


Dulled Pro v. 


52 22 N. 


4 36 B. 


BaUfkl 


United Prov. 


53 4 N. 


4 17B. 


Nova Scotia 


44 46 N. 


63 27 W. 


Hamburg^h 




53 34 N. 


9 55 E. 


Banover 




53 28 N. 


9 48 E. 


Hatteras (Cnpe) 


N. America 


35 12 N. 


76 S W. 


H»»re de Grade 


France ■ 


49 2y N. 


6E. 


Hat'annih 
8t.Hdena(JainM 
Town> 


Ilk of Cuba 


23 12 N. 


82 18 W. 
3 49 W 


^ Atlantic 


IS S5 S. 


. ^„irpS-^' 


France 


49 4S N. 


157 W. 


8. America 


55 58 S. 


67 26 W. 




I&J. 






J«*Mm (Port) 


New HoUanii 


33 52 S. 


iSl 19 R. 


JjuiemalRio) 


Brizil . 


83 54 S 


.43 M W. 


1 Java Brad 


I of Java 


6 49 S 


105 M E. 


^^M<wAle«. • >; 


• flyria 


31 46 K. 


35 MB. 





irr 




^ 


.V,:mes nf Placet. 


Counti-ff or Sea. 


Lai. 


£«.i-. 1 


JersBv Isle (8t 

Aiibitts) 


J English Channel 
Ifew round! and 


49 13 N. 


3 12 W 


St Jolm's 


47 32 N, 


52 26 W 


St.Joseph'8 


CaUfomia 


23 4 N. 


109 42 W 


lRlain:ibad 


Hindoostan 


22 20 N. 


91 43 E. 


lapahaii 


Persia 


"32 25 N. 


53 50 B, 


Jodda, or Gidda 


Arabia 


21 29 N. 


39 i2 B. 


St.JulienCPort) 


Pacific Ocean 


49 10 S. 


68 44 W. 


Ju«n Fernandez 


33 45 S. 


78 S7 W. 




K. 






KamtBchatk* 


Siberia 


S6 20 N. 


163 OE, 


Sc. Kilda 


Hebrides 


57 4.7 N. 


8 40 W. 




Prussia 

L. 


54 43 N. 


21 35 E. 


Lidrone I. (Guam) Pacific Ocean 


13 10 N. 


143 15 E. 


Und's End 


England 


30 6 N. 


5 54 W. 


LeKhorn 

Leipaic 


Italy 


43 33 N. 


10 16 E, 


Germany 


51 19 N. 


12 20 E. 


l^vden 


United ProT. 


53 a N. 


4 28 e. 


Lima 


Peru 


12 1 S. 


76 49 W. 


IJi>bsn 


Foptug-al 


38 40 N. 


9 10 W. 


Liverpool 


England 


53 24 N. 


3 IS W. 


Lizard 


England 


49 57 N. 


5 21 W. 


London (St. PftuL 


a)England 


51 31 N. 


6 W. 


Louisburg 


I.of Cape Breton 


45 54 N. 


59 54 W. 


St, Lucia 


Caribb. Sea 

M. 


13 24 N. 


60 51 W. 


MOCBO 


China 


22 13 N. 


113 46 E. 


M>C»S9U 


I.of Celebes 


5 9 8. 


119 49 E. 


Madras 


India 


13 5 N. 


80 a9E. 


Madrid 


Spain 


40 59 N. 


3 13 W. 


Majorca 1. 


Mediterranean 


39 35 N. 


2 30 E. 


Malacca 


India 


3 U N- 


102 5E. 


Malta 


Mediterranean 


35 54 N- 


14 28 E. 


Manilla 


Philippine Is. 


14 36 N. 


120 53 E. 


Marseilles 


France 


43 18 N. 


5 92 B. 


Martinico 


Caribb. Sea 


14 44 N, 


61 21 W. 


Mecca 


Arabia 


21 40 N. 


41 OE. 


Mexico 


America 


19 25 N. 


1.<W *•«- 








^^^^^^^1 
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JVamn ^f Placet. Countrff ar Sea. Lat. Xon^. 



.Milan 

'Blinorca 

Modu 

Montreal 

Bioteov 

Munich 



Namur 

Nankin 

Nantz 

Vaplea 

HaM 

Wagarft 

North Cape 



OleronL 

StOmer 
Oporto 

Orleans (Ne'nr) 
Ortegal (Cape) 
Ostend 



Italy 

Mediterranean 

Arabia 

Canada 

Ruiiia 

Germany 

N. 

Netherlands 

China 

France 

Italy 

Norway 

€anada 

Lapland 

6. 

France 

Netherlands 

Portug'al 

Louisiana 

Bpain 

Nutherlandt 



O^whyliee (N. end) Sandwich Is. 
Oxford (Observ.) England 

P. 



.45 38 N. 
29 51 N. 
13 44 N. 
45 50 N. 
55 46 N. 
48 10 N. 



9 12 E. 

3 54 E. 
44 4 E. 
73 11 W. 
3r S3 E. 
11 30 E. 



50 38 N 4 46 E. 

32 5 N. 118 46 E. 

47 13 N. 1 34 \V. 

40 50 N. 14 17 E. 

57 58 N. 7 3 B. 

43 4 N. 79 a W. 

71 30 N. 25 57 E. 



46 S N. 

50 45 N. 
41 10 N. 
29 58 N. 
4^ 46 N. 

51 14 N. 
18 54 N. 
51 45 N. 



1 25 W. 

2 15 B. 
8 27 W. 

89 59 W. 

7 39 W. 

2 56 E. 
155 45 W. 

1 15 W. 



Palermo 


fiicily 


Panama 


Mexico 


Paris (Obscr.) 


France 


Pekin 


India 


China 


Petersburg 


Kussia 


Pliiladelphia 


America 


Pico I. 


Azore Is. 


Prague 


Bohemia 


Providence 


America 


Quebec 


Canada 


Unlto 


Peru. 



Q. 



58 10 N. 13 43 E. 
8 48 N. 80 21 W. 

48 50 N. 2 20 E. 

17 N. 96 58 K. 

39 54 N. 116 27 K. 

59 56 N. 30 19 K. 
.S9 57 N. 7S 13 W. 
38 29 N 28 26 W. 
50 5 N. 14 24 B. 
41 51 N. 71 26 W. 



46 55 N. 69 53 W. 
13 S. 77 55 W. 






Barnes 0/ Places: CoutUrt/ or Sea. Lat» Long, 



lUiodias a of ) 

Riga 
Bochelle 
Rome 
Rouen 



Arcliipelago 

.^;:merica 

Russia 

France 

Italy 

JPrance 



35 2r N. 9a 45 £. 

4; 28 N. n SOW, 

57 5 N. 25 5B. 

46 9 N. 1 10 W.- 

41 64 N. 12 29 E. 

49 27 N. X S^. 



Samoa I. 

Santa Cruz 

S^vaoah 

Scilly Isles 

Senegal 

Stockholm 

Suez 

Surat 

Surinam 



Tangier 

Teneriffe (Peak) 

Tcrcera I. 

Texel I. 

Tobago 

Torbay ; 

Toriiea 

Toulouse 

Trieste 

Trincomale 

Tripoli 



Upsal , 
Uranibargh 
Ushant I. 
Valenciennes 
Valencia 
Venice 
Vera Cruz 
Verd (Cape) 



Archipeli^o 

Tenerifffe 

N. America 

English Channel 

Africa 

Sweden 

Africa 

India 

S. America 

T. 

Coast of Barbary 
Canary Islands 
Azore Islands 
United Prov. 
Caribb. Sea 
English Channel 
Lapland 
France 
Adriatic sea 
Isle of Ceylon 
Barbary 

. u& V. 

Sweden 

Denmark 

Coast of France 

France 

Spain 

Italy 

Mexico 

Africa 



37 46 N. 

58 27 N. 
32 3 N. 
49 56 N. 
15 53 N. 

59 21 N. 
29 50 N. 
21 10 N. 

6 30 N. 



27 13 E. 
16 16 W. 
81 24>W» 
6 46 W. 
16 21 W. 
18 4E. 
33 27 E. 
r2 22 E. 
SS 30 W. 



35 55 N. 
28 13 N. 
38 45 N. 
53 10 N. 
11 15 N. 
50 33 N. 
65 51 N. 
43 Z6 N. 
45 51 N. 
8 32 N. 
32 54 N. 



5 45W. 
16 29 W. 
^ 6W. 
4 59 E. 
60 27 W, 
3 42 W. 
12 E. 
26 E. 
SE. 
11 E. 



24 
1 
14 
81 
13 



59 52 N. 
55 54 N. 
48 28 N. 
50 21 N. 
39 30 N. 
45 26 N. 
19 12 N. 
14 45 N. 



17 42 6. 
12 52 E. 

5 4W. 

8 32 E. 

40W. 
12 4E. 
97 30 W. 

ir a^vr. 



ISO 



JVamei of PUuet, C^untryr Seav Lai. Lang, 



Verona 
Yersfdlles 
Vienna (Obser.) 
Vincent (Cape) 



Wardhuys 

Warsaw 

WaahingUn 



Tork CNew) 



Italy 
France 
Austria 
Spain 

w. 

Lapland 
Poland 
N. America 

Y. 

N. America 



• f 



O f 



45 26 N. 11 18 B. 

48 48 N. 2 7 B; 

48 12 K^ 16vl6B. 

37 3 N, 8 59 Wl- 



70 23 N. 31 7E. 
52 14 N. 21 B. 
38 53 N. 77 43 W. 



40 43 N. 74 low. 



I8f 



An Alphabetical List of the Constellations^ with 
the Right Ascension CR*J and Declination 
CD* J of the middle of each^forJhe ready find' 
ing them on the Globe. — N. B. The letter (N.) 
or C'^*J immediately after the name of the Con* 
stellation^ shews whether it be north or south 
of the zo^ac. (2^) the zodaical Constellations. 



r 

Andromeda, N. - - - 

Antir.Qus, N 

Apus, vel Avis Indica, 8. - 
Aquarius. Z. • - - 

Aquila. N 

Ara. S 

Aries. Z. . 

Argo Navis. S. - - - 
Aster ion et Chara. N. - - 
Auriga. N.- 
Bootes. N 

Brandenburgium Sceptrum. S. 
Cameleopardalus. N. - - 
Cancer. Z. - 

Canis Major. S. - • . 
Canis Minor. S. - - - 
Capricornus. X, 
Capnt Medusz. N. - - 
Cassiopeia. N. - 
Centaiirus. S. - . . 
Cepheus. N. « . . 
Cetus. S. . . . . 
Cerberut. N. - 
Chamceleon. S. • . . 
Circinus. S. - . . - 
Columba Noachi. 8. - - 
Coma Berenices. N. - - 

CorCaroli. N. r - . 
Corona Australis. 8. - - 
Corona Borealis. N. - • 

Corvus. S 

Crater. 8 

Crux. S 

16 






R. 


D. 


14 


34 N. 


292 


S. 


252 


75 S. 


335 


4 8. 


295 


8 N. 


255 


SS S. 


30 


22 N. 


115 


SO s. 


200 


40 N. 


75 


45 N. 


212 


20 N. 


67 


15 8. 


68 


70 N. 


128 


20 N. 


105 


20 8. 


110 


5 N. 


310 


20 8. 


44 


40 N. 


12 


60 N. 


200 


SO 8. 


338 


6S N. 


95 


12 8. 


271 


22 N. 


175 


78 S. 


22*2 


64 8. 


85 


35 8. 


185 


26 N. 


191 


39 N. 


278 


40 8. 


235 


iiO X. 


ia5 


15 8. 


168 


15 S. 


183 


69 Sw 



'*".■- 



Cfgniu. N. - . . 
Detithinui. N. ■ 
Dorado or XJphifts. S. . 
Draco. N. 

Equuleu;. N, 

Equuleua KctoHn*. S. 
Bridanui. 9. 
Fomai Chemicft. 9, - 
Grmini. Z. - - . 



HerculcB. N. 
Morolo^um. 3. 
Hydm. S. - 
Hydrui. 8. 
Indus. 8- 
Lacerta. N. 
Leo, or Leo Major 
Lea Minor. N. - 
Lepui. S. 
Id bra. Z. 

IiUpUB. S. 

Lvni N. 
LVra. N. 
ftiactiijia PneiiTDBti 



N 



Mrtsca A,tiEtra1iB, vel A|)is. S. 
Norma., ve\ quadra Bucltdis. S. - 
Octans Hadlrianus. S. 
Oflicina Sciilptoria. 5. 

Orion. S 

Pavo. S 

Pej^ua. N. - . . ■ 
Perseus. N. . . . . 

Phmmx. S. - - - . 

Fiici* Kotiui, vel Auitralis. S. 
PiscU volans. 3. ... 
Fraiilclcs, rel ccia Sculptoria. 3. 
j^xis Nautica. S. . . . 
Bpliculil« IthumlmidaliB. S. - 
SobMr Caroli. S. > . . 
SagittariuB. Z. ... 
aaeitta. N. - - . . 
Sextan). S 



18a 



Sterpio. Z. • 

S«iitum Sobeiski. S. 
Serpens. N. 

S^rpentarius. N. - - 
TauruSy Z. 

Taurus Poniatowski. N. 
Telescopium. S. 
Touchan. S. • - • 
Triangulum. N. - 
Triangulum Australis. S. 
Triangulum Minus. N. 
Ursa Major. N. - - 
Ursa Minor. N. - 
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